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EECOsaiK^v" DHA «C-£,ECUT£S AMD TEE I?. OSE li? S>SCOvCK.'S 

_ stsuct^x cx::::^ fo r Bagg fissobeast sroaSEL-. 
ggggKTCAL r;r::.:> of n^cic? 

23iis iovent/oa relates to receabinant Di<A 
iseiecules aad their us© is producing hvtnar. fibroblast 
interferwi-lifce polypeptides and cenas , The recombinant 
I8?J» raoleccies disclosed herein are characterized by 
sequences that cede far polypeptides whose aairjo acid 
setnience and eoapositioa are substantially consistent, 
witfe htts&n fibroblast interferon and which bave an 
ixsaunolecic&l or bioloaioal activity of busa&n fibroblast 
interferon . As will be appreciated frees che disclosure 
to follow, the recc:. oir-ant aolecules cf this isvsnticn 
(say be used in the : reduction of polypeptides useful its 
antiviral and anti'. ::sor or anticancer agents. 

aftCKCBOswa art 

Two clas;i«s of interferons ("IF" 3 are known to 
exist, .interferon" of Class r are s^all , acid stafcls 
(glycoproteins that render cells resistant to viral 
infection {A. Isaacs and J. laadennann, "Virus Inter- 
ference I, The Interferon", Proe. Royal .. Soc,__ gar . r:: S, , 
147, pp* 258-6? (l?-»7) ^ w. E. Stewart, II, The 
Interfero n System, .•ipringar-Verlagr (1979) {hereinafter 
■' The . Int&rf crsn sv: - - er.» 1 1 . Class II I?s are acid labile . 
At present, they art poorly characterized. Although to 
»oae extent ceil specific (the Interferon Systea, 
pp. 1SS-45), IPs as i net virus specific. Instead, IPs 
protect, calls ageir. st & wide sjjeetrun of virucos . 

Two antic -jrjically distinct species of Class 1 
hvjaan interferon {"'.ur") are -teovn to exhibit IF activity. 
One IF species, fibroblast interferon ("F IF" ) , is 
product u~»« aiipr^printf; ind^cti^n in diploid fihrc-cl.'s'-t 
cells. Another If species, leukocyte interferon ("he IF") 
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is produced together with Kiinor amounts of F IF upon 
apprspriate induction in human leukocyte and lyspho- 
blastoid ceils. Both are heterogen&oys in regard t» 
size, presumably because of the carbohydrate jsoiexy. 
5 F IF has been extensively purified and characterised 
{£. Knight, 3t,, "Interferon: Purification tod Initial 
Characterisation Frcm Huasan Diploid cells", ?rgc. Natl . 
Acad. Sci ■ USA. 73, pp. 520-23 (1976)). It is s glyco- 
protein of about 20, GOO noleeular weight (H. Wiranowska- 

XQ Stewart, et al. , "Contributions Of Carbohydrate Koieties 

To She Physical tod Biological Properties Of Hassan ■ ' • 

leukocyte, Lyrephoblastoid tod Fibroblast Interferons" , 
Abst. ton. Seating tear. Sac r . Microbiol,. , p. 24,6 (1978)}, 
The amino acid composition of ay then tic bumbo fibroblast 

15 interferon has been reported (E. Knight, Jr., et el . , 
"Hasan Fibroblast Interferon; amino Acid Analysis tod 
Affiino-Tersdnal Aisico Acid Sequence "< Scjer.ee , 207, 
pp. 525-2$ (1980)}. Elucidation of the aaia© acid - 
sequence of authentic hman fibroblast interferon is 

20 also in progress. To date, the ajain© acid segtieuce of 

the »E 2 terminus of the authentic nature protein has * 
been reported for tie first 13 asino acid residues; 
i3et-Ser-Tyr-Asn~Ley«Lea-Giy-Phe~Lsu~Gin~Arg~Ser-Ser, . . 
££. Kjiigbt, 3r., et al. , supra ) . Two distinct genes, 

25 one located on chror.asoise 2, the other on chroc-.oaosr.e S, % 
have been reported to code for F IF {D. L. Slate and 
F. E. Ruddle, "Fibroblast Interferon In Man Is Coded By 
two Loci On Separate Chromosomes", Cell, 16, pp. 171-80 
{1979)}. Other st«Sies« however, indicate that the oe&e 

30 for F IF is located on chrosnosasrss 9 {A. Kedger, et al . , 

"Involvement Of A Sane On Chromosome 9 In Hufaaa Fibroblast 
Interferon Production" . Hature , 2S0, pp. 493-95 {1979)). 

te IF has likewise been purified and charac- 
terised, Jwo cocspor.snts have been described, one of 

35 21CCC to 22500 and the cth«r of 15000 to 18000 nasi scaler 
weight <K, c. Soon, at al. , "Purification tod Partial 
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Characterisation Of Susan kyjapfioblast&id Interf sron" , 
groc Natl. Arad.sci, VSk , 76, pp. 5602-605 (2979)). ft 
portion of the ajsirso acid sesjuence cf authentic Le IF 
has also bean deterained. 28 amino acids fross the 

3 amino ter»inus of the mature protein {K. C. 2oo», a t al . , 
''Asino- Terminal Sequence Of The Hajer Component Of Hmran 
X,y3rsphoblastoij3 Interferon", Science , 207, pp. 527-28 

A comparison of the initial aaiao acid sequence 

10 of atithar.vic F IF ajad Le IF reveals no detectable fccKology 
within the first 13 anise acids. The total antino acid 
cospositions of the two species are ajso "distinct^.- lo— — 
addition, degradation ef__the sugar residues of the two 
species by periods;': indicates that, the carbohydrate 

IS structure of the tv> IFs is different {fU Wiranovska- 
Stev&rt, et al » , sx. 'ra). 

The two s.;:ecies of BXF have a number of dif- 
ferent properties. Per example,, an ti- human Le IF anti- 
bodies are less ef cient against F IF and «nti-s«r« to 

10 lisjjsan F IF have no .ictivity against htisan Le IF (The 
t ntar f er or. System , p. 151). Ice IF displays a high 
decree ©f activity m ceil cultures of bovine, feline or 
porcine origin vher s»s F IF is hardly active in those 
ceils but Has bean reported to be active in rat cells 

25 i?. Emc-Goir&n, et si.. "Studies On. Virts-Ind>icecf Inter- 
fere-as Produced By *ihe Hiwaan Aminctie Bessbrane And White 
Sloed Cells", Arch . Ces . virus Forsch. , 34, pp. 232-43 
{1971) ), Jo additica, the two IEs result from different 
siRHA species {and therefore frota presmaMy different 

30 structural genes) that code for polypeptides of different 
primary sequence {R. L, Cavalieri, et a~ ■ , "Synthesis of 
Hainan Interferon By Xenoptts l aevis Oocytes: Tvo Stric- 
tsr&l Genes For Interferon In Hu&aft Cells", Pro? . Natl - 
Acad. $cl. USA. 74, pp. 3287-91 (197?}}. 

J S ' Altho-.sch brsth x.t and F JTs occur in * glyco- 

sylated farm, removal of the carbohydrate moiety {?. J. 
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Bridgsn, at a! . , "Hvrsan Lynphcbl astoi d Interferon", 
3.. ;;; Bigl v ..Chgm. , 252, pp. SSSS-S7 {1977)} or synthesis of 
IF in toe presence of inhibitors vhicn preclude glyco- 
sylate on {W. £. Stewart, II, et al, , "Effsct of Glycc- 
5 sylation Inhibitors On The Production And Properties Of 
Sswrtan Leukocyte Interferon", Virolog y , 57, pp. 473— 76 
{1979}; J. Fujisava, et zl . , "Nonclycosylated Mouse L 
Cell Interferon Produced By the Action Of Tunicanycin" , 
J . Bio l, Chea, , 2S3, pp. 867-7-79 C137S); F.. A. Eavall, 

10 £>_..*L.> "Altered Molecular Species ofj-ussan interferon 

Produced: In The Presence Of Inhibitors of Glycosyl&ticn'' , 
J. Biol. Chats., 252, pp. 4425-27 £1977) ; The Interferon 
system , p. 131) yields a smaller forts of IF which still 
retains most or all of its IF activity. 

25 Both f IF and Le IF say, like Kany human 

proteins, be polymorphic. Therefore, cells -if parti- 
cular individuals say produce IF species wit-sin each of 
the more general F IF and Le IF classes vhitv. are physi- 
ologically similar teat structurally slightly different 

2D than the prototype ef the class of which it is a part, 
Therefore, while the protein structure of tr-s F IF or 
Le IF Kay be generally veil-defined, particular indivi- 
duals asy produce IPs that, are slight variations thereof. 
IF is usually not detectable in nrmal or 

25 healthy cells ( The 3 n t e r 5e yon Sy s t s» , pp. 5; -S7 ) . 

Instead, the protein is produced as a result of the ... 
cell's exposure to an IF inducer. IF inducers are 
usually viruses but isay also be non-viral ir. character, 
such as natural or synthetic double-stranded SNA, intra- 

30 cellular sicrches, microbial products and various chemical 
agents. Kuaserous attempts have been tsade tc take advan- 
tage of these non-viral inducers to render human cells 
resistant to viral infection £S. Baron and F. Dianzani 
(cos. }, Texas Reports On B iology And Medicin e, 3S ( "Ter.as 

35 Reports"), pp. 52S-40 (1977)}. These attempts have not 
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been very successful. Instead,— use of exogenous If 
itself is now preferred. 

As an antiviral agent, HIF has been ased to 
treat rhts following; respiratory infections (Texas 
Reports , pp. 4SS-9&5; herpes simplex keratitis (Texas 
Reports , pp. 457-500;' S. Sundriacher, "Exogenous Inter- 
feron in Eye Diseases", I ntgntarignal V xr&Xo gy tv , The 
Hague, Abstract ex. W2/11, p. 99 (1S78)); acute hemorrhagic 
conjunctivitis {Texas Reports, pp. 501-10); adenovirus 
keratoconjunctivitis {A^So&aoe. et al. , ISH Kea© I-A8131 
{October, 1979}); varicella soster ( Texas Reports , 
pp. 511-15); cytomegalovirus infection (Texas Reports , 
pp. 523-27}- and hepatitis B ( Texas .. Reports , pp. 516-22). 
See also The .interferon Svsten. pp. 3S7-19, In these 
treatments F IT and Le IF say display diffe: ant dose/ 
response curves. However* large-scale use ?>£ IF as an 
antiviral agent requires larger amounts of KiF than 
heretofore have been available, 

ir has other effects in addition its anti- 
viral action. For example, it antagonises .he effect of 
colony stimulating factor, inhibits the growth of hemo- 
poietic ct>lony»£ox»inf cells and interferes vita the 
normal differentiation of granulocyte ar.d a^crophage 
precursors { Texas Seport s, pp. 3*3-49). It also inhibits 
erythxoid differentiation in &*J5Q- treated Friend leukemia 
ceils .,t2«5«Sjte22E££. PP- 420-28). swat cet.l lines Kay 
be considerably sore sensitive to F IF than to Us IF in 
these regards {s. Einhom and B. strajicax, ' Is Interferon 
Tissue-Specific? - Effect Of Hu»am UuKocyts- And Fibro- 
blast Interferons On The Crovth Of tyKphobl isstoid And 
Osteosarcoma Cell Lines", 3. Gen. Virol. , JS, pp, 573-77 
{1577); T. Kuviata, at al., "Comparison Of Tbe Suppres- 
sion Of Cell And Virus Growth In Transformed Hasan Cells 
By leukocyte And Fibroblast interferes" ( J. Gen. Virol. , 
43, pp. 435-39 {1979}). .. 
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IF say also pi&y a rde In regulation of the 
iiwaune response, For example, depending ypfifi the dose 
and tiae of application in relation to antigen, IF can 
be both ioaunopotentiating and isswsnosuppressive in v iva 
5 and in vitro CggxaOgaorts, pp. 357-69 5- In addition., 
specifically sensitized lymphocytes have, bean observed 
to produce IF after contact with antigen. Such anticen- 
induced IF coald therefore be a regulator of the ifMs-ur.e 
response, affecting both circulating antigea levels and 

10 expression of. cellular immunity { Texas .Resorts , 

pp. 370-74}. IT is also knovm to enhance the activity 
of killer lymphocytes and antifeodydspendeat cell-ir.ediated 
cytotoxicity (S. S. Kerberaaa, et al., "Asciaentaticii 3y 
Interferon Of Ku.-r.an Natural And Antibody-DeT indent 

IS Cell-Mediated Cytotoxicity", iTatara , 277, t: . 221-23 
(1975); ?. Beverley and S. Knight, "Eillinc :caes 
Watarally*, Mature , 278, pp. 11S-23 {1979}; fexas assorts, 
pp. 375-80; J. R. Euddlestone, ct si. , "Incs ;tion ted 
Kinetics Of Kafcvr&l Killer Calls in Ensians s jlioving 

20 Interferon Therapy", Katurg , 282, pp. 4X7-H {1979}; 

s. Einhora, et si. , "Interferon And spontaneous Cytotox- 
icity In Man. II. Studies In Patients Receiving Exogenous 
Leukocyte Interferon", Acta Med. Scand, , 20-, pp. 477-83 
{1378}), Both »»y be directly or indirectly' involved in 

25 the ijansunoiogical attack an tusaor cells. 

Therefore, in addition -to. its use is an anti viral 
agent, Sir has potential application in antitumor and 
anticancer therapy <Tfce Interferon System, tp. 319-21 
and 394-93}. It is nov xnown that IFs affect the growth 

30 of many classes of timers in many aniaals (The interferon 
System, pp. 232-304). They, like other ant i -tamer 
agents, seea eost effective whan directed arainst srcH 
tusors. The antitumor effects of anitaal IF are dependent 
on dosage and time but have been demonstrated at concen- 

35 ■■ trations bslov toxic levels. Accordingly, rwsarsw* 

investigations and clinical trials have beer, and continue 
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to be conducted into the antitumor and anticancer 
properties of HJFs, These include treatment 
of several nalignsnt diseases such as osteosarcoma, 
acote tsyeieid leukemia, multiple syelojna and Bodgkin's 
disease ( Tax as Rep s r ts , pp. 429-3S). In addition, r IF 
has recently bsen shown to ca\ise local tissor regression 
when injected into subcutaneous tumoral nodules in 
laelanoma aad breast carcinosia- affected patients {T. Keiaote, 
et^al^, "Hu^an Interferons And lotralesienal Therapy Of 
Kelanassa And Breast Carcinoma", Alger. Ass o c. For Cancer 
Research, Abs nr, 993, p. 24$ (1979)5. Significantly 
some cell lines which resist the anticelJular effects of 
!,« IF. remain sensitive to F If. This differential 
effect .suggests thct F IF »ay be usafniiy employed 
against certain classes of resistant tassor cells which 
appear under selective pressure is patients treated with 
high doses of Le IF <T. Kuw*ti, «t *1 ♦ , sapra ; A, A. 
creasy, et &1 . . "The Role of Oq-O-^ Arrest In The inhibi- 
tion Of 'iuaior Call Growth By Interferon", Abstracts, 
Conference On Regulatory Functions Of Int erf arena, N.y. 
Acad. Sci,» nr. 1" (October 23-26, 1979}). Although the 
results of these clinical tests are encouraging , the 
antitumor and anticancer applications of BIT have been 
severely hasspered by lack of an adecu&ta supply of 
purified HlF. 

ht the biochemical level IFs induce the forma- 
tion of at least 3 proteins , a protein kinase {S. Lebiew, 
et al, , "Interferon, Souble-Straiided SUA And Froteis 
Phosphorylation", Fros. Natl . Acad. Sei ■ tfSA , 73, 
pp. 3107-11 (19765; A. G. Sovanessian and I. M. Kerr, 
"The (2 f ~$>) Cligoadenylate {ppp A2 ' -5A2 ' -5 ' k) Synthetase 
And Protein Kinase{s) From Inter feror-Treated cells", 
Eur, J, Biochea,, 93, pp, 515-26 (1579) }, a (2 1 -5 * )aiigo{A) 
polymerase (a, g, Kovanessian, at al., "Synthesis Of 
Low.HolecoUr Weight Inhibitor Of Protein Synthesis with 
Enzyme tst>et Interferon -Treated. Cells", Mature , 268, 
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pp, 53?-39 (19?/} ; A. S. Sovansssian and I. R. Kerr, 
msr^?- Biochefl!, suora ) and a phosphodiesterase {A. Schaidt 
«tj5l i < "to Interfercm-lnduced Phosphodiesterase Degrading 
(i'-S* Joligoisoadenylate And XJ« C-C-A Terminus Of 
tiaJA", Pro-; , Kfttl. Acad. Sei. SSA , 76, pp. 47SS-S2 
(1975))- Both. F IF and Le IF appear to trigger similar 
enzymatic pathways (C. Baglioni, "l»terferon~Ind«eed 
Enzymatic Activities And Sheir Role In The Antiviral 
State". C&ll, 17, pp. 2S5-64 (2$?9}| and both snay share 
a ccsi&fsors active core oeca«s« they ©oth recsgrdse & 
cbro»e»Bo»e 22«coded cell receptor {fS, »iranevsSja~$te*art, 
*"The Sola Of Hasan Chrestosoae 21 In Sensitivity To 
Inter ferons", jr. Gen . Virol, , 2?, pe. &2S-34 {1577} ). 
She appearance of one or sore of these emyius in calls 
treated with I? should allow a farther characterization 
of proteins with IF-liice activity. 

Today, F IF is produced toy hurean :>:21 lines 
grovn in tissue culture. It is a lew yield, expensive 
process. One large producer sakas only 40- rO x 10 
units of crude F IF per year (V. c. Sdy, et,jii^, "8unan 
Interferon i Large Scale Production In stabryo Fihrsblost 
Cultures", in Saffian interferon (w. ft, stinai~ing and 
f. J, Chappie, eds,), Pletata Publishing Cor:,, pp. 5S-60 
{1978)5 . On purification by adsorption to r.nntrelled 
pore glass beads, F IF cf specific activity of shout ID 6 
anits/ag may be recovered in 50% yield, frets the crude 
cell extracts (A. Billiau, et al , , "Hmnan Fibroblast 
Interferon Per. Clinical Trials: Production . ?arti?.I 
furi ficatioa And Characterisation", An t i m i cz ob i a 1 Ac ent s 
And Chemotherapy , pp. (1979)). Farther purification 

to a specific activity of about 20* -units/tog i& accom- 
plished by zinc chelate affinity chromatography in about 
loot yield {A. Billiaa, et al. , "Froductiori, Furification 
And properties Of Husan Fibroblast Interferon" , Abstracts. 
Confc.rynf -e On Re ^:I«t or v Functirng i: of Intcrf erewg ■ >*." 
Acad . Sci , : , nr 29 {October 23-26, 1979)), Because the 
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specific activity of P IF is so high, the amount o£ T IT 
re<juired for- coaasaerci&l applications is low. for example, 
100 g of pure IF would provide hetvean 3 and 30 cillior; 
doses. 

5 Recent advances in molecular biology have cade 

it possible to introduce the D.'JA coding for specific 
non-bacterial eukaryotic proteins into bacterial cells. 
In general, with SKA ether than that prepared vj,a cheisical 
synthesis , the; corsjstructioa of stich reeo.ubinant DJIA 

18 snolecuies comprises the s-ceps of producing a single- 
stranded UN* copy (cDKA) of a purified aessenger RHA 
{jis£N&} template for the desired protein; 'converting the 
cDKA to double-stranded SJIA; linking the UNA to an 
appropriate site is as appropriate cloning vehicle to 

15 form a recombinant ISA molecule and transforming an 
appropriate host wit i that recombinant Wh eolecuX*. 
Such trans forsiatior say permit the host to produce the 
desired protein, fc/erai non-bacterial genes sod proteins 
have been obtained :.i coli using recombinant DiJA 

2o technology. These :.islt3de, for example. La IF {S. Hagata, 
e tal, , "Synthesis .a S. coli Of h Polypeptide Kith 
Hassan Leukocyte lat: rfercn Activity", Nature. 284, 
pp. 31&-20 (1980} }„ In addition, recombinant EXA tech- 
nology has been easpUoyed to produce a plasaid said to 

25 contain a gene seqiii.fjces ceding for F IF (7. Taniguchi, 
et .al... "Coastractis.n And Identification Of h Bacterial 
PlasRi-d Containing :&e Euaan Fibroblast Interferon Gene 
Sequence", ?roc. 3a;-sn Acad^er, - ; B, - 5S-, pp. 4&4-6S 
(1979)). 

30 However, in neither of the foregoing has the 

sett's! gene segvene:: of F IF been described and in 
neither has that seoience been eesaparad to the initial 
amino acid sequence or amino acid composition of authentic 
F IF. The former werk is directed only to ye if, a 

35 distinct chewical, biological and iwasnnoloerical class I 
interferon froa F TF ic£, supra ) The latter report is 
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based solely en hybridisation data, thsse data do not 
enafcle -one to deteraine if the selsctefi clone contains 
the complete or actual gene sequence coding for F JT or 
if the cloned gene sequence will fee able to express F IF 
in bacteria. Hybridization only sstahlishes that a 
particular SNA insert is te seme' extent homologous with 
and complementary to A..»ERiiA component of the poly{A)RKA 
that induces interferon activity when injected into 
oocyte*. Moreover, the extent of any nosology is depen- 
dent on the. hybridization conditions chosen for the 
screening process, Therefore, hybridisation to a mSHA 
co»p»nent of poly (a > yjih alone does not demonstrate that 
the selected OKA sequence is a sequence which codes for 
F IF or a polypeptide which displays the ioaonological 
or biological activity of ? IF. 

At a seminar in Zurich on February 25, i960, 
T«niguchi stated that he had determined the nucleotide 
sequence for his hybridizing clone. He also stated that 
the first 13 <uai«o acids coded for by that segaeoce v?ere 
identical to that determines by Knight, et al . , seora, 
for authentic F IF, Taniguchi did not disclose ths fall 
nucleotide sequence fox his clone- or compare its amino 
acid composition with that determined for authentic 
F IF. Taaiguichi has since reported the fall nucleotide 
sequence for his hybridising clone {T. Taniguicnl et al, 
, 10. PP- 11-15 {1980), The sequence differs by 

one nucloetide front ta&t described and claimed in British 
patent application 8011306, filed April 3, 1980, an 
application to which the present application claims 
priority. The amino acid sequence reported by xanxgmchi 
is identical te that described and claimed in the fore- 
going application. Taniguichi has not reported the 
expression in a bacterial host of polypeptides which _ 
display an immunological or biological activity of F IF. 
It is this expression in a bacterial host of polypeptide^ > 
which display an immunological or biological activity of 
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F IF and the methods, polypeptides, genes and recorsbinar.t 
p^A molecules thereof, which characterize this invention.. 

Her is this invention addressed as is the 
apparent suggestion of Research Cisclosure Ho. 1S309, 
pp. 351-62 (1979) to prepare pure or substantially pare 
IF mRNA before attempting to clone the EIF gene or to 
produce fibroblast interferon-iike polypeptide* in 
bacterial hosts , 

BISCLOSTOS O F TKS IHgEKKOS 

The pressnt invention solves the problems 
referred to by providing at least one recombinant VliA 
jaolecttle characterised by a structural gene coding for & 
polypeptide displaying an issaanologieai or biological 
activity of human fibroblast interferon. 

By virtue of this invention, it is possible to 
obtain polypeptide < s } displaying an im!aunelogie&l or 
biological activity o£ F IF for use as antiviral, anti- 
tumor or anticancer agents. This invention allows the 
production of these polypeptides in atBOimts and toy 
methods hitherto not available. 

As will toe appreciated fro® the disclosure to 
follow, the recoobir.ant SKA jsoleeules of the invention 
are capable of directing the production, in an appropriate 
host, of polypeptide (s ) displaying an issaunol ogical or 
biological activity of F IF, Replication of these 
recombinant XMh molecules in an appropriate host also 
permits the production in large quantities of genes 
coding for these polypeptides. The jsoleeul&r structure 
and properties of these polypeptides and genes may be 
readily determined. The polypeptides and genes are 
useful, either as produced in the host or after appro- 
priate derivatisation or modification, in compositions 
and methods for detecting and improving the production 
of these products thessclvft* and for use in antiviral 
and antitumor or anticancer agents. 
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BSISF PSSCRIP7I0» OF THE CTWIMBS 

Figure 1 is a schematic outline of one cmbodi- 
sent of a process cf this invention for preparing a 
usiKtare of recesfcioant^ tm. molecules, so»» of which are 
characterized by inserted Bo'A sequences that characterise 
this invention. 

Figure 2 is a scheaatic oatiin* of the initial 
clone screening process of this invention. 

Figure 3 is s fieheisatic oatline of one «s&odi~ 
isent* of a clone screening process using MSA sequences 
prepared in accordance with the invention/ 

Figure 4 displays the cosijsosit* nucleotide 
sequence of the coding strand of F IF DNA or gene , The 
sequence is fniaberad from the beginning of the insert 
well into the \iatrassiated area of the insert. Nucleo- 
tides 65-12? represent a signal sequence and nucleotides 

represent the "mature" fihrcbXsst interferon. 
Ihe aisino acid seguences of the signal polypeptide are 
depicted above their respective nucleotide sequences; 
the amino acids of the signal polypeptide being r.ua&ered 
frcsw -21 to »1 and its other mature interferon £rost 1 to 
166, Review of the restriction and fragment analysis 
data of the F IF DNA present in the deposited clones has 
resulted in two nucleotides being changed in figure 4 
from figure 4 of British patent application 80X1 3 OS, 
filed April 3, 1980. ~h«se are in the untranslated 
semsence preceding tha proposed signal sequence of F IF 
UNA. These changes do not effect the seejuenee of F IF 
DNA on the arein© acid segvence of its translation product 
and do not alter tha genes «se as ao hydridisatioti prohs 
to screen clones for f If related CNA inserts. 

Figure 5 displays the orientation and restric- 
tion maps of several plasmids in accordance with this 
invention. 
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Figure 6 is a cossparisen of the amino acid 
composition of htt&an fibroblast interferon as determined 
in accordance with this invention and that determined 
froJB authentic fibroblast interferon. 

Figure ? displays a restriction Rap of the 
F IF gene of this invention arid the sequencing strategy 
used in sequencing pEFIF3, pHFIr6, and pKFI^?. 

Figure 8 is a schematic outline of the construe- 
tion of recombinant SNA rraiecuie pPI.a-HFIr-S7~l of this 
invention. 

Figure 9 is a schematic outline of the construc- 
tion of recombinant BUA aolecule pFta-BFIF-67-12 and 
pPLa-*HFIF-67-125i$ of this invention. 

Figure 10 is a schematic outline of the con- . 
structitsa of recombinant SNA solecuie pSLc-HFIF-67-e of 
this invention. 

Figure 11 is a schematic outline of the orien- 
tation and partial restriction ssap of pFLa~KFIF~6?~I2 of 
this invention. 

Figure 12 is a schematic outline of the orien- 
tation and partial restriction map of p?t,a~BFIF~67-124l$ 
of this invention. 

Figure 13 is a schematic outline of the orien- 
tation and partial restriction map of pPLc-HFlF-67-8 of 
this incontion. 

m$? mm of caskyiwc .cot toe qwpratOM 

In order that the invention herein described 
stay be sore fully understood, the following detailed 
description is set forth. 

In the description the following terms are 

employed : 

N ucleotide -- A mcnomeric unit of DKA or RKA 
consisting of a sugar nsoioty (pentose) , a phosphate, and 
a nitrogenous heterocyclic has«. The base is linked to 
the sugar sorely via the glycosidfie carbon (i* carbon of 
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the pentose} and that coishinatisn of base and sugar is 
called a nucleoside. The base characterises the nucle- 
otide. The four bases are adenine ( "A" ) , guanine {"£"), 
cytosine ("C"), and thymine {*T B K The four basse 
are A, C, C and uracil- -< "U" ) . 

DKA Se que nc e — -A linear array of nucleotides 
connected one to the other toy phospfcodiester bonds 
between the 3' and S-* carbons of adjacent pentoses. 

Codes— A DNA sequence of three nucleotides (a 
triplet) which encodes through r3NA an aaino acid, a 
translation start signal ox a translation termination 
signal- For example, the nucleotide triplets TTA, TIG, 
CTS, CTC, CTA and CXC encode for the asdno acid leucine 
{'•'Leu*'), TAG, TAA and TOh are translation, stop signals 
and atg is a translation start signal. 

Re ading Fraae -- Xhe grouping of codons daring 
translation of jsSHA into amino acid sequences - During 
translation the proper reading £ra»e isust he saint&incd. 
For eKasple, the sequence CCTGJTTJCTAAG may be translated 
in three reading frames or phases, each of vhich affords 
a different amino acid sequence: 

SSS 222! SSS AAG~~Ala~Sly-eys-L,ys 

0 CZ5 GTT C» AG— teu-Val-Val 

GC 12$. 212 3M G — Tip-Leu- { stop ) 

goly*>eotide «--A linear array of aoino acids 
connected one to the other by peptide bonds between the 
a-aaino and csrboxy groups of adjacent aaino acids. 

Cenone — Thft entire XfHA of a cell or a virus. 
It includes inter,, alia '-^he structural genes coding fcr 
the polypeptides of the substance, as well as operator, 
promoter snd ribosose binding and interaction sequences, 
including .sequences such as the Shine-Dalgarno sequences. 

.Structural Gene — A OKA sequence which encodes 
through its template or messenger KNA ( ,! mSHA* f ) a sequence 
ai asu»© acidi characteristic o£ a specific polypeptide . 
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"ranscr i pti on »-The procass of producing t-HXK 
from a structural gens, 

Trar>slati.on~-The procass of producing a polypep- 
tide froa ii£si& t 

5 y e s s i o« - - Tfts process undergone toy a struc- 

tural gene to produce a polypeptide. It is & eemsbina- 
tiers of transcription arse translation. 

Plasiaid — A Konehxo<r.oso«al dot^ie-str&nd&d DKA 
sequence comprising an intact "replicoxi" such that the 
10 plasEiid is replicated in « host cell. When the plasmid 
is placed within a unicellular organists, the charac- 
teristics of that organise aay fce changed or transformed 
as a result of the Zilh -of the plasaid. For sxssple, « 
plas»id carrying the gene for tetracycline resistance 
j;-. (Jet ) transforms a cell previously sensitive to tetra- 
cycline into one which is resistant to it- & cell 
trar-.sf omed by a plasaid is called a "transfonsant" . 

Phage or Sacteriophaj?e--S»ctari &1 * virus srsony 
of which consist Of DSA segiiences encap si dated in a 
20 protein envelope or coat {''capsid" ) . 

Clonxne v e hi cie- -A plasjaid, phage DNA or other 
Wh sequence which is able to replicate in a host, cell, 
characterized by one or a ssall nwsber of endenuclease 
recognition sites at which such SKA sequences xaay he cut 
2 5 in a determinable fashion without attendant loss of an 

essential biological function of the D!-SA, e .a. , replica- 
tion, production of coat proteins or loss of promoter or 
binding sites, and which contain a aarteej? suitable for 
•use in the identification cf tranrfortaed ceils, e .g, , 
i3 tetracycline resistance or aapicillift resistance, a 
cloning vehicle is often called a vector. 

Cl onino >-The process of cb?.Ai~inc a population 
Of orjf anisras or tsHP. sequences derived from one such 
organism or sequence by asexual reproduction, 
■4i Ke c or. a i n an t B" -V _ g ol ;.c-.'.o cr Hybrid D::.', •— ;•. 

soiecule consisting of segments of OJJA from different 
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geisoBses which have been joined end-to-end outside of 

Jiving cells and hav« the capacity to infect soae nest 
ceil and be rrsa.i»tained therein. 

Impression Control Serruersce — A sentence tsf 
nucleotides that controls and regulates expression of 
structural genes when ©peratively linked to those genes. 

Referring nis« to Figure 1, we have shewn, 
there in a schematic e utilise of one ersbe discs at of a 
process for preparing a Esixtare of reccsstoinant Dim 
molecules, so>*se of which include inserted SNA se<paences 
that characterize this invention. 

The RKA «sed in this invention was extracted 
frc» hussan VCS cells, a diploid fibroblast :oll line 
which can be prepacatad in monolayer caltur-is* at 37°C. 
F IF is produced in these cells on inductiov with poly(l,C) 
in the presence of eyclohexiaide. 

For a typical SKA isolation, each o£ 20 roller 
bottles of diploid VSS cells in confluent srr-ttelayer was 
"prined" ©vexnigat with 100 units/ml t IT a?.a the cultures 
induced for 1 h with 100 fjg/ssl poly<I,C> .and 50 yg/ml 
cyclohexi aide , ineuhsted with cycioheximide <S0 y §/.-! ) 
for 4 fa, harvested by scraping into phosphate-buffered 
saline and spun down, the cells were lysed for 15 sain 
at QT to reaova the intact nuclei containi? 3 the CKA 
and to isolate the cytoplasmic 8>» hy s«sperding thea in 
hypotonic buffer (10 aM Tris-BCl tpS 10 tsti Had 

tiid 1.5 m KgClj) and adding hi- 40 to 1%. Nuclei vfere 
removed by pelleting in a Sorvall SS-34 rotor for 5 sin 
at 3000 rpra. Sodiua dodecyl sulphate ("SDS M ) and ESm 
were added to the supernatant to 1% and 10 «H, respec- 
tively, and the mixture extracted S tistes vi th 2x vol of 
l;i redistilled phenol and chloroform- isoaasyl alcohol 
{25:1), the agueous phases containing the SJiA. feeing 
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separated fay eentrifugation in & Sorvall SS-34 rotor at 
6000 zpns for la sin after each extraction. The was 
prscipitatffif! from the aqueous phase by addition of 1/10 
vol of 2 t-5 sodius acstats (pS S.I} and 2,5 vol etfear.oi - 
Usually* 60 to 50 pg of total cytoplasjsic JU<A v&s obtained 
per roller bottle. 

Other procedarss to extract the cytoplasmic 
KKA Have also been used. For example, the cells were 
totally iysed after hostogenization in 0.2 >M Tris-GCl 
{pH 9.0), SO rM NaCl, 20 is?-: OTA and 0.5% SDS and extracts 
with phenol -chioreforsi as above (F. B. Reynolds, et vi _ai ,., 
"Interferon Activity Produced By Translation Of Human 
Interferon Messenger SNA In Cell-Free Sibosocsal Systems 
In Xensp as Oocytes", Free . Ka tl . he* d . S ci . as A , 72, 
pp. 4881-37 (1975)) sr the washed cells vers' suspendes in 
400 pi 0.1 M KaCl, 0.01 K Tris-BCl {pH 7.5), ana O.S01 
« EDTA { "KXE buffer") and 2.5 mi 4 « g«anis: .liwss-isothio- 
cyanate and 1 tl g-»erciptoethaaol in 20 jsM ; jdiuis acetate 
(pB 5.0) vara added and the cells hooogenizi 1. The 
lysate v&s layered on a 1.3-ssd 5.7 1*3 CsCl cushion in s 
Becfcaan SW-60 Ti nitrocellulose tube, spun ; it 17 h 
at 39000 rp* to pellet the SNA and separate it from DMA, 
proteins and lipids and the RNA extracted euce with 
phenol^chlorofora (J. I'srcer , et al , , "Char-acsterisation 
Of Interferon Messenger frca Eusan X/ympj oblastoid 
Cells", J. Cm. Virol. , 44, pp. 231-34 (19?H). 

"he total RKA was assayed for the presence of 
F IF trill i A by injection into the cytoplasn ot Xencpus 
iaevis oocytes and determination of the F 1.? activity 
induced therein ( Refold, , et al. , s«r>ra), Ihe assay was 
conducted by dissolving the mth in water anc injecting 
about 50 ill i&to each oocyte. The oocytes ^ere incubated 
overnight at room teapertare ia Saxth nsdius (J. Cericn. 
j. Eabryol. £sper.^,?sorghel, r; , 20, pp. 401-14 (1958)!, 
hsaogeni aed in part. of die se-ditaa. the <3eiri.s reaavad hy 
centrifagation, and the F IF activity of the supernatant 
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determined- Detectior. of F It activity was by r eduction 
of virus-induced eytopathic effect (W. E> Stewart and 
5, £. Suikiri. "Interferon Production In Barspstcrs Experi- 
mentally Infected with Sables Virus", free. Soe. Ssp. 
Biol'. Hed. ( 123, pp. 650-53 (1965)}. Th« challenge 
virus was vesicular stomatitis virus (Indiana strain! 
and the ceils were huis&n diploid fibroblasts txiseaac 
for chroayssojne 21 to afford higher F IF sensitivity. 
F If activity is expressed relative to the IF reference 
standard 69/19. 

FolyJA) KHA containing f IF BiRKA w&s isolated 
frota the cytoplasmic SUA by adsorption to ol.i§»{dT}~ceii«- 
lose (type 7; P-L Biochasaicals } in 0.4 n mcl, 10 isii 
Tris-rJCl CpB 7.8}, 20 »M EDT& and 0.2% SDS for 10 sin at 
roora temperature . T'fA aggregation was ssiniaiEed by 
heating the SKA for J mia at 7o*C prior to adsorption. 
After washing the cellulose with the above-Mentioned 
buffer, the poiy{A)*.«i fraction wag eluted with 10 tsvN 
Xris-HCl {pH 7.8). : aM ZC-Th and 0.2% SS>S. It usually 
cewprised 4~S% of U.s total R3SA, bc measured by optics.! 
density at 260 n». 

A farther purification to enrich the pely{A)?JSA 
in F IF »RNA was efijcted by foreaati de-sucrose gradients 
{X. P»wsen, et al. , "The Size of Ross Sarcoma vires 
jaRKAs Active in Cell-Free Translation", K&ture, 266, 
pp. 416-20 (1377J). These gradients gave much higher 
resciaties than nots- denaturing sucrose gradients. 
Usually about 60 p<g poly|A) SKA was dissolved in $$% 
forcsaaide, 100 s& Li CI , S m SDTh, 0.2% SOS and 10 Kii 
Tris-KCl SpH ?,<£!, heated at 37*C for t tzin to prevent 
aggregation ajsd loar.ed on a 5-20% sucrose gradient in a 
fSec&aan $V/-60 Ti poiyallosser tsbe. After centrif ligation 
at 20 S C for 4 1/2 h at 60000 rps in the Bectasan SW-60 Ti 
rotor with total x *c-labe!ed eufcaryosie UNA serving as 

c.trkers, the gradient was fractionated and the 
optical density «£ the fractions dstcsrained. All Ri>7> 
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fractions were precipitated twice with 0,5 K MCI and 
2-5 vol ethano! and assayed fox interferon jkRSA activity 
s§ described above. These purification processes result 
in about a 40- fold enrichment in the F IF aSJiA center. t 
of the poiyfai RSA. 

Alternatively, the oli go (<*r)- adsorbed taSKA 
(60 ^g) was fractionated by electrophoresis in a 4% poly- 
aerylanside gel in ? M urea, 0,1% SOS, 50 km tris-borate 
<pB 8,3), and 1 m BCTA, the aKSA being dissolved in 
this buffer and heated 1 ain at 5S°C before application 
to the gel. After electrophoresis, sections of 2 sssa 
width were cut freia the gel and the SNA eluted frots each 
homogenized gel section, further frsad froze imparities 
by adsorption to oligc(dT) -cell close and assayed for 
F IF JSKNA as before. 

Neither the forTsamider-sacrose gradients nor 
the polyacrylasida oal fractionation yields pure F IF 
ibHNA. On the contrary, the fractions displaying F IF 
jsRSA activity actually contain a large nwrher o£ other 
unrelated ssKNA * s , which will behave similarly to F IF 
MSUA throughout the subsequent processes of this invention- 
Therefore, a very large nusiber of clones which do not 
contain the DMA information for F IF vill be produced 
and e canplex screening procedure vill be required to 
select the one or few F IF related clones frois the total 
population ( Figure 1). 

■ gXKTHESIS OF DOUBLE-STRAFFS ciPKA C0STA1KIHC F IF CDKA 

PolyCA) SNA enriched in F IF saENA was used as a 
tewplate to prepare complementary DKA {"cDKA"), essentially 
as described by S. Cevos, et el, , "Coastruetion And 
Characterisation Of A Plassiid Containing A Nearly r-jll-Siae 
DMA Copy Of Bacteriophage HSZ SKA", 3. Ko l ■ Mpl- > 123, 
pp. 595-619 (1979) for the construction ef a pl^siaid 
containing a DKA'eopy of bacteriophage HS2 kha.j 
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Single- stranded cDNA was prepared from the 
poly ( A 5 W?n by RNA-dspendsnt DNA polymerase {25 units ) 
iro» avian myeloblastosis virus ("AKV") revarse trans- 
criptase {a gift from Dr. J. Beard, Life Sciences, 
Gulfpert, Florida), initiated by a {dX), 0 priaer (6 f.<g, 
Miles) hybridized to the poly* A) tail cf the MA, in 
50 fil SO isM Tris-ECi ' fpH 8,3), 10 seK XeCl,, 30 S3 
g-ra*srcap~eethasol, 4 EM Na^F^O^, 2.5 inactivated 

bovine serirs albusuo, dITP, dAX?, dCTP and dST?, each at 
32 

0.E taM and «- ?-dAT5> {20 pCi, Asaershatti}, After 30 rain at 
41 °C, the reaction was terminated by the addition of 
ED?. J . to 10 the reaction mixture extracted with equal 
vol of phenol ; chloroform: isoaisyl alcohol {25;2<s:l) .and 
the aqueous phase layered on a Sephadex GSG coluan and 
eluted in T£ buffer (10 taM Tris-HCl {pH 7.5! 1 m EDTA } . 
The void fractions displaying radioactivity *ere precipi- 
tated by the addition of 10 col i tranMer SUA, 
potassiua acetate (pH 5,1) to 0.2 M and 2.5 ;ol ethanol, 

The cBNA population synthesized ai--ve is in 
fact a cejsplex mixture of cDNAs originating ;ro5> the 
different £KteAs which were present in the enriched 
poly{A) xSilA {Figure 1). In addition, because of prematura 
termination by AKV reverse transcriptase, saar.y of the 
cDNAs are incomplete copies of the various bOJJ&s in ths 
poly(A) RN'A (not shown in Figure 1). 

Before rendering the cDNA double-s ur&nded. it 
is removed froa its. association to the carspl ementa ry 
template RjfA by precipitation with ethanol and incubation 
in TS buffer {10 asK Tris-ECl (pH 7.5), 1 sM ;3)TA) with 
xib^mieiease Tj (10 units, Sankyo Cc. , Ltd) -ind pancreatic 
ribonuci*ase A {10 yc. Sicca) to 10 pi for 30 »in at 
3?°c {the ribonucleases being free of single-strand-specific 
endo- and exo-deoxyribonucieases ) . The removal of the 
template strand by ribonuciease instead of w;.th alkali 
avoids possible cC"A natation by alkali-catalyzed deaaxnati or 
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The cDNA, strand say be rendered double-stranded 
jjy o?a polymerase 1 {A. Efstratiadis, tt s i. , "Ensysatic 
in Vitro Synthesis Of Globin Genes", Cell' ? - PP- 27S-SS 
il975})> The 10 hI riionaelftase/c&HA jsixture frca above 
was diluted to 2D ft I with KgCl, to 10 kK. BTT to 10 arc, 
potassium phasphate <pB 6.9} to ISO «M, dATT, <JCT?» 
4TTP.. and dGTF each to- 0.3 m, *- 32 I>-dAT? (20 yCi, 
teersham) and UNA polymerase I (40 units, Biolabs } . 
After & h at 15*0, rz-rfc Co 10 i»K and SDS to 0.1% were 
added and the double stranded CDHA isolated by extraction 
{phenol: chloroform: isoaayi alcohol), chromatography 
{Sephadex CSO) and precipitation of void 'fractions as 
before - 

To open the single-slr&ndsd hairpin loop which 
regains on the double stranded cDSA strustur • , the 
precipitated cDKA was dissolved in 100 pi 0 ? H Natl, 
SO «K sodiva acetate (pB 4.5), 10 s»M sdxsc s-:rtate and 
2 fjg heat-denatured calf thyaas CKA and readied with SI 
nuclease (S units, sigsa) for 30 sain at 31*''. Addition 
of EDTA to 10 nM, extraction with phenol s chl : rof or» : iso*»y 
alcohol and precipitation of the aqueous phvsre by the 
addition of 10 ug coli transfer »» as carrier, 0.2 V, 
sodiua acetate (p& 5,1) and 2,S vol e tisane- 1 yielded a 
blunt-ended double stranded cDJJA nixture. 1'r.ia aixture 
is heterogeneous both, as & consequence of ths hetero- 
geneity of the poly{A;RSA used as a teiapl&te to prepare 
it {Figure 1} and of the preaatute teroinatit-n of the 
cDHA transcripts hy the AHV reverse transcriptase (not 
shown in Figure I), 

to lessen the effect of the latter hetero- 
geneity, the double stranded cONA fas sized hy electro- 
phoresis on a 4% polyacrylaraide gel in- SO «K Tris-borste 
buffer {pH 8,3 i and 1 srl-5 EDTA, $'- 52 F-lab«slIad restric- 
tion fragments (#8174 (EFJ-DNA) serving as sia« markers, 
DMA basHs of appropriate sice (f -fl^, **se classes 
800-900 hp, 700-800 bp, 650-700 hp and 550-650 bp} were 
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selected. Because the double- stranded cDKA prepared 
fre» tbe p0iyaeryla2u.de gel eiectropharesed poly I h) ?S<k 
displayed a prostinent band about 850 bp, this band was 
considered to represent the full-length DtTA- The bands 
5 were .slute* by crashing the gel in 0,5 H mmnim acetate 
and 0-1% SOS «nd stirring overnight. After the debris 
had been removed by centrifugation, the B»A was ads&rbed 
to hydroxylapatite powder, loaded en a Sephsdex 050 
colu&a in 5 af5 soOixst phosphate {pa 7.S), washed extensively 

10 with baffer, elated with 0.45 H soaiias phosphate {pg 7.5} 
and ixastediately desalted by the sieving effect of the 
Sephadex C50 matrix. The fractions containing the 
elcted CSA, as Renitered by the 32 P~radieaetivity, wars 
precipitated by the addition of 10 pg goli transfer 

15 RKA, sodiuia acetate to 0.2 f-3 and 2.5 vol ethanol. 

The effici-iney of the cBSJA preparation described 
above, is exe«pXi£i«:3 by a typical experiment where 
about 2 pg of polyUv) KKA after foraaaide~s«cros« gradient 
yielded aboat 16 no Sottble—stranded cSNA having a size 

23 range of 800 to 900 bp. 

Again, it aust be recognized that this doable- 
stranded cKKA is a rixture of a large nuisher of cDNAs, 
only a very few of which are F If cDKA (Figure 1). 

25 A vide variety of host/cloning vehicle cotsbina- 

tionfi way be employ td in cloning the doable-stranded 
ctatA prepared in acsor6ar.ee with this invention. toz 
example, useful closing vehicles way consist of segatcntc 
of chromosomal, non-ebXcs-.osc»aX and synthetic DMA sequences, 

3« such as varioas toovn derivatives of SV40 and toswn 

bacterial piassids, ft r o, , plassids froa S,, coli inducing 
col El', pen, PBRS22, P>39 and their derivatives, wider 
host range piassids, ft., a. , phage DMAs, e.g» , the 

nxnercKSS derivatives of phage X, *.<t. , MM 933, end ath-sr 

35 KJA phages, e.g. , 813 ar.d rilataenteous single stranded 
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pKA phages end vectors derived froas eeusbiaations cf 
pl&smi&s and phage sji&s such as plasties «ftich have bcten 
modified to eapXoy phage ©:>'A or other expression eontrol 
sequences or yeast plasaids such as the 2 p plasnsid or 
j derivatives thereof. Useful hosts taay include bacterial 
hosts such as cori HB 101, cgli X17?e, |U eeli 
X2282, ce-li mci and strains of Fseudoaqnas , Baeillxis 
gubeiUs, Bacillus gte&rot&sr^optalus and other bacilli, 
yeasts and other fangi, anissal or plant hosts such as 
asissal (including hu»an) or plant calls in culture or 
other hosts. Of course, not all host/vector cosh in a tic ins 
s&y be equally efficient. The particular selection of 
host/cloning vehicle eosobination say be »ade by those of 
skill in the art after dae consideration of the principles 
i: set forth vitfeout departing frea the scope of this 
invention, 

Purthesassre , within each specific cloning 
vehicle, various sites may be selected for insertion cf 
the double-stranded DSA. These sites are usually desig- 

$3 na ted by the restriction endermelease which cuts then* 
for example, in pBX322 the ?stl site is located in the 
gene for £ -lactamase, between the nucleotide triplets 
that code for amino acids 181 and 1S2 of that protein, 
Shis site was employed by S, Nagata et al , , sutjra, in V 

2 J their synthesis of polypeptides displaying an insaunciogical 
or biological activity of Le IF. One of the two Hind i I 
endonuclaase recognition sites is between the triplets 
coding for assino acids 101 and 102 and or.s of the several 
Tats sites at the triplet coding for su-in© acid 45 of 

53 j-lectcaase in pBP.322. m similar fashion, the EcpRl 
site and the Jvuli sits is this plesmd lie outside of 
any coding region, the EeoK I site being located between 
the genes coding for resistance to tetracycline and 
aiRpicillin, respectively. This site was eaployed by 

35 T. Taniguchi, rt a; . , surra, in -thtit recombinant synthe- 
tic s cheat. These sites are well recognized by those of 



Board Assigned Page #2375 



skill in the art. It is, of coarse, to be understood 
that a cloning vehicle useful ia this inventiea need net 
have a restriction endonucle&se sits for insertion of 
^he chosen DUA fragment. Instead, the vehicle could be 
joined to the fr&g»«nt by alternative means . 

The vector" ox cloning vehicle and in particular 
the site chosen therein for attachment of a selected DNA 
fragment te fans a recombinant SNA raoleeule is determined 
by a variety of factors, e.o. . nustfeex of sites susceptible 
to a particular restriction exi2yroe, sise of the protein 
t.o be expressed, susceptibility of the desired protein 
to proteolytic degradation by host call ena yr.ss , caista»i- 
natioa or binding of the protein to be expressed by host 
cell proteins difficult to reswve during purification, 
expression characteristics, seels as the Iccshion of 
start and stop codens relative ts the vecro.: sentences, 
and other factors .recognised by those of sltill in the 
art. The choice of a vector and an inserti-;;. site for a 
particular gene is determined by a balance zt'. these 
factors, not all selections being equally effective for 
a given case. 

Although several methods are known in the art 
for inserting foreign Ei;A into a cloning vehicle or 
vector to forw a recombinant &JSA asolecvie, the method 
preferred for initial cloning in accordance ,'ith this 
invention is characterised by digesting the ;-l»s»ifi (in 
particular pSS322 } with that restriction enivyae specific 
to the site chosen for the insertion (in particular 
fst lj and adding dA tails to the 3> tersini oy tersifts.1 
transferase. In sinilar fashion, the doubJe-strodcd. 
cDNA is elongated by the addition of dT tails to the 
3* torr-ini to allow joining to the tailed pi >,ssid. The 
tailed piasssid and cDKA are then annealed te insert the 
cD8A in the appropriate site of the plasaid .\r.d to 
circularize the hybrid Wh, the c^jsplemtntary character 
of the tails pamittir.g their cohosien (Figu;s 1}, The 
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resulting recoisbinant tstA molecule now carries an iaserted 
gsne st the cfeesea ?stJ restriction site (Figure 1>. 
this taethod of dA-d? tailing fox insertioa is described 
by 0. A- Jackson, at a - . , "Sioche;f.ical Methods For 
5 Inserting New Genatic Jnforaatioa Into BNA Of Sirdan 

viras 40; Circular OJ» Kolecules Containing Letsbda 

Phage Ger.es And The Galactose Qperon Of Escherichia cah", 
?roc. Matl. ftca-d. Sci. USA, 63, pp. 2904-SOS (1572) and 
r. Bevos, et. ; al^ » IV.2I?. • I* results in about 3 times as 

18 many recombinant BXA plasaids as dC-dC tailing. 

Of coarse, other known aathods of inserting 
U>ik sequences into- cloning vehicles to form r e corah i.~ ant 
Wk molecules are equally useful in this invention. 
These i ti ;-,-.«.: de, for j;<aaplfe, dG-dC tailing, direct liga- 

15 tios, synthetic liti.jrs, exomiclease arid polyiserase-linKed 
repair reactions fc. loved by ligation, or extension of 
the SKA strand with polymerase and an appropriate 
single-stranded terplata followed fcy ligation. 

It should also be understood that "the nucle- 

20 otida sequences or OKA fragpaent inserted at the selected 
site o£ the cloaine vehicle eay include nucleotides 
which are not part nf the actual structural gem for the 
desired polypeptide csr jsarur* protein cr stay include 
only a fragment cf tie complete structural gene for the \ 

25 desired protein. 

The eioiiir.j vehicle or vector containing the 
foreign gene to erep Joyed to transfers-, a host so as to 
permit that host to replicate the foreign gene and to 
express polypeptides) displaying en imsftjaelosical or 

m feiological activity of huaan fibroblast interferon. The 
select i en of an appropriate host is also control! sd by a 
asjsber of factors rt-cognized by the art. These include, 
fox estaaple, compatibility with the chosen vector, 
toxicity of proteins encoded by the hybrid plasmitj, ease 

35 of recovery of th* rasiree - protein. expression chsras- 
teristiss, bio-safety and costs. A baianc* of these 
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factors must be struck with the vna'erstaadiiig that not 
hosts rsay be equally effective for expression of a 
particular recombinant UffA aoleetle. 

In the present synthesis » the preferred initial 
Cloniag. vehicle is the bacterial plasaid p3R322 and the 
preferred initial restriction endonuelease site therein 
is the Fstl site (Figure 1). The plasiaid is a ssjs&ll 
{molecular weight approx. 2.6 taegaaaltens) p'asaid 
carrying resistance genes to the antibiotics awpicillia 
{Jus?} arid tetracyclines fTet). The plassaid has bean 
fully characterised <r. Bolivar. «t at. , "Construction 
tod Characterisation Of New Cloning Vehicles it, A 
^Iti -Purpose Cloning Systea", Gene , pp. 95-113 (1??V) ; 
j, G. sutcliffe, "pBE322 Restriction Map Derived Frew 
lbs DNA Sequence: Accurate IMA Size Markers Up to 42&1 
Nucleoside Pairs Long". Kuclaic , Acids Research , S, 
pp. 2721-28 (1978); J. G, Sutcliffe. "Coasplete nucleotide 
Sequence Of the Escherichia coli Plasnsid pBR322«, Cold 
Spring Harbor $yx£££225, 43, I. pp. 77-90 <1978>}. 
Insertion of the DJfA product in this site provides a 
large number of bacterial clones each of -which contains 
one of the DNA genes or fragments thereof present in the 
cDNA product previously prepared . Again, only a very 
few of these clones will contain the gene for F IF or 
fragments thereof {Figure 1} and none of them may pensit 
the expression of polypeptide { s y displaying an ijsanmolog- 
ical or biological activity of F IF. The preferred host 
in accordance vlth this invention is coli HS 101. 

1- Preparation of FstT-Cleavcd, dA-elcmqated nf>3,322 

?las»id p8&322 was digested completely at 37*C 
with ?st l endonuclease (Kev England Biclebs) in 10 »H 

Xxis-KCI {pH ?.S), 7 m KgCi 2 , 7 raK 2-reercaptc.ethanol , 
The fixture was extracted with 1 vol phenol and 10 vol 
ether and precipitated with 2. 5. vol ethanol:0.2 H sodius 

acetate solution. 
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Addition of hwsopolyaaric dA tails (Figure 1) 
toy ternirsil deoxynueleotidyl transferase (Td7) (purified 
according to L. Chang and F, J, Bollurn, " De oxyr.u c 1 e o 1 1 de - 
Poly«eri2i»5 EnsyKes Of Calf Taysxtst Gland", J . Biol r Cher.. , 
246, pp. 509-16 {15?lf} was done in a reaction 
volume con-taiairigr 0.14 M potassiua cacodylste, 30 ran 
Tris-HCI (pS 6.3), 1 afU CoSO^, 0.2 heat-iftactivatsd 
bovine serua altoxaaia, 0,8 m DTT, 0.2 aM dAT? and soae 

Incubation was at 37"C for 5 cin before ESTA 
was added to iC sT: and SDS to 0.1% a-nd the mixture 
extracted with phenol and chroraatographed on Sephadsx r.SO 
is TE buffer. The void fractions, containing the line- 
sri^ed and elongated pSR322, were further purified by 
adsorption in 10 laM Tris-HCI (pE 7.8), 1 jaj-l H>TA and 
0.4 H NaCl to oiigo(dT) cellulose. After e 'tensive 
washing, the desired fractions were a listed .: th 10 taM 
Tris-ECl CpK 7.S) and 1 jsfi EDTA. 

2- Frepa ratien of d.T~aIono&ted PKA 

Double-Stranded DMA was elongated vith dT'C? 
residues in sinilar fashion to that deserihef. above for 
dA tailing of pE?~322, except that dXXP and :;<«* "*R-d$TP 
replaced the dATP and « j2 ?-AT?. Purification cr oligo(dT) 
cellulose was, of coarse, omitted. As hetors, the 
dX-elongated DXA is a mixture of different stecies, or.iy 
a very few of which are F IF- related (Fig-are i}. 

Preparation of Ca^-Tra a ted £. cs,S : i 

Ca^-treated £^ coli HSiCl was prepared by 
the method of S. N. Lederherg and S. Ji. Cohen, "Trans- 
formation Of Sa Lionel! a "•^yhiauritaa; By Fiasaid Deo/,*/r^bo~ 
nucleic Acid", J. r Bacterial , 119, pp. 1072-74 (19?.*,) 
by inoculating the coli H31C1 (a gift frotR H. Beyer) 
into S al IB tnediua {10 parts bactotryptone, S psrts 
yeast, extract and 5 parts n&ci psr liter) an J culttres 
grown overnight at 37"C. The fresh cultures were diluted 
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K»sie of S^* 5 clones a ay permit the expression of polypep- 
tides displaying an iaaunoiosical or bielegie&l activity 
of F IF. 

S, Trans fecticn Of E. caii K3101 With The. 
AT^galad gyfcric - glagy.ids 

?3 containment facilities were used as necessary 
for the trans faction process ana all subsequent steps in 
which the resulting trams foxr-ed- bacteria were handled. 
Aliqaots {90 yl or less) of the shove fixture were 
cooled to O'C and 1 « CaCl 2 added to 0.1 M. Alienists 
(100 >j1 or less) of this solution ware added te 200 wl 
Ca T *-tx&8tad cell EB101 in ice arid after standing at 
0 S C for 30 sin, tii* ceils were fcsst-afcecked for 5 jain at 
3?°C and cooled again at 0°C for 15 «in. After addition 
of 2 ml LB-sedisra, the cells were incubated at 37*C in. a 
shaking water bath for 30 to 45 air. and the bacterial 
suspension plated cut onto 1,2% agar plates, containing 
U5 m&ixsi supplemr.zsi with 10 pg/Kl tetracycline . 

Since plasaid pEH322 includes the c&ne for 
tetracycline resistance, cftli hosts which have been • 
transformed with a plassid having that gene intact will 
grew in cultures cci-.taining that antibiotic to ths 
exclusion of these bacteria not so trassforseS. There- 
fore, growth in tetraeycline-eentainin? caiture permits 
selection cf hosts \ransfdsfced with a recoabinaat DMA 
Sftoieeuie or recycli^ed vector. 

After 24 h at 3? e C, ir»3ividtjal colonics -f re 
picked and suspended in ICQ ul t3 fi-.edisct (syppleasnvtad 
as above) in the wells of icicrti titer plates {Bynatech} . 
After iacabatica at 37*c overnight, 11 pi dinethyl- 
sulfoxide vera sixed into eech well and the trays sealed 
with adhesive tepe. The plates were stored at ~20*C and 
a library of l?,0OD individual clones of transforms^ 
col i nsit'l was prepared. This library vas derived £rc-» 
270 fausles {126 »§} <3X« tailed cDSA inserts, which its 
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turn v?ere synthesized fras 4-4 pg gradient purified 
poly C A) ? -* rA - AJ*©u« *8% of the closes of this library 
were sensitive to c&rbesicillin {a csere stable sapiciliin 
derivative } , Therefore, about *&% of the library co-nt&iaeS 
- a plascid having as insert in the Pstl-site of the 

p-lactacsase gene of pSS.322 ana only about 2% contained a 
recyeii^ed vector without insert. 

These 17,000 clones contain a variety of 
reccrisinar.t D'JA raolecules representing complete or 

j 0 partial copies of the mature of aKKAs in poly (A) 
KKA preparation fren» F IF-producing cells {Figure 2), 
the RSjority of these will contain only «' single recombi- 
a&nt tnih taelecvle., . Only a very feu of these recombinant 
DKA isoiecales are related to F IF. Accordir. : ly, the 

> j clones isust be screened to separate the F ir-rei&teci 
clones fross the others. 

There are several approaches to sr t e«n for 
bacterial clones containing F IFcSKA. These include, 

}o for er.aapie, SfciA selection hybridization (Alpine, et al . , 
isfra ), differential hybridization {T. ?. St. John and 
». «. Davis, "Isolation Of Caleetose-Xndttcifcie EKA 
Sequences Frca S ac chare cyo as Cerevisiae By Differential 
?la<nse Filter Hybridization", Cell, 16, pp. 343-4S2 

25 UV79)h hybridization with « synthetic proi-i (». iioyes, 
et al. , "Pe taction And Partial Science Analysis Of 
Gastrin, g&zh By Using An OlioodeoKyrsucieotic j frobe", 
*roc. ?fatl. Aeas. Sci ■ V?A, 76, pp. 177&-74 11979)) cr 
screening for clones that produce the desire 5 protein by 

30 iosmno logical { L. Viila-SIosaroff , et al. , "A Bacterial 

Clone synthesizing Proir.sulin". Free . Katl ,\aad. Sci. USA, 
75, pp. 3727-31 U?"£ } ) or biological (A.C-Y. Chang, 
«L^Li.« "Phenotypie Expression In eoli Of A ESJA 
Sequence coding for Hsar.« nih^drs'-fslat* Re-u-rta3«- w , 

25 Mature , 275, pp. 617-24 CIS78)) assays. Ke have chosen 



"-"SSflsaip* 
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jQih s«l«ction hybridization as beirsj the raost convenient 

and promising jaethod for primary screening. 



A. 3»* Selection Hrbricj^on Assa v 

1- £yervi.ew Of the „ Initial Assay 

Referring now t» Figure 2, the reeosbinant Di-fA 
asclecules ware isolated frsn individual cultures of 
about 46 closes sensitive to carbenicillin asad resistant 
to tetracycline froa the above library of clones (two 
fixtures of 2 clones shown in Figure 2} { Steps AS. The 
recombinant t»fA molecules were cleaved and hybridised to 
total RNA containing F IFsK.'A prepared as before (Step 8). 
All recesbinant DRA .sclftcule- total R8A hybrids were 
separated fron the -on-hybridised total rka (Step c). 
The hybridised total HHA was recovered from the hybrids 
and purified (Step ; <. the recovered RKA was assayed 
for F IFaRKA activity as ahove (Step £}, If, and only 
if, the mixture of recombinant BNA molecules contains a 
reccssbiisaa* DSA aoX«cvtle having an inserted nucleotide 
sequence capable of hybridising to the F IFa&KA in the 
total JU», under stringent hybridisation conditions, 
vill the bs&KA released from that hybrid cause the forma- 
tion of y IF in oocytes, because n>RKA released frcrs any 
other recombinant DU« aolecule-total 8J5A hybrid vill not 
be F IF-reiated. i* a group of 46 clones gave a positive 
response, the clones were regrouped into 6 subgroups 
{4 subgroups of £ and 2 subgroups of 7} and- each subgroup 
assayed as before. This process was continued until a 
single clone responding to this assay was identifi-.d. 

There is no assurance that the recombinant DKA 
Koiecales and bacterial cultures • transformed therewith, 
which are thus identified, contain the complete F IFcCviA 
sequence of F IF or 2vsn that the &"A sequence actually 
codes for F IF or vili persit the -clone to express 
Polypeptides displaying «a i»oKi«ncio<}ical ox bic logical 
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activity of T IF, However, the rseaabinant C"A aolecuies 
will certainly contain extensive nucleotide sequences 
ccwpiessentcry E-o the r IFbsRJTA coding sequence. Therefore, 
the recotabinaut SNA sr.clecule »ay at least be used as a 
scarce of a probe ,to screen rapidly other reccrMnant 
mk soleeuXas and clones transforaed with thess to identify 
further sets of clones which say contain an authentic 
and complete F IF nucleotide ceding sequence. These 
clones »ay then be analysed for possible expression of 
polypeptides displaying a biological or isanmologicai 
activity of F IF. The nucleoside seqacr.ee of vhe inserted 
PSA fragment of these hybrid plesmics and its asdno acid 
translation product atay also be determined and corre- 
lated to the aaino acid ectBposition and initial sequence 
reported for authentic F IF *§2£££)- 

2. Execution Of, The |njtjal__a5s^ 

Step A - Preparation Of The Rsccsaainant 
DMA Molecule Kixtura 

Replicas of a «ricro titer plate containing 
96 clones froas the above library of clones were ffiaae on 
LB-agar plates, one containing 13 pg/asi tetracycline and 
the other supplemented with 100 tig/asi carbeniciilin. In 
this wanner, tv© sets of about 45-46 clones, resistant 
to tetracycline and sensitive to carbenicillin, were 
picked and grown separately overnight at 37 in ICO al 
UB teefiiuo, containing 10 pq/nl tetracycline. These 
cultures were pooled, spun down in * Sorvall OS -3 rotor 
at 8000 rpra for 10 run, washed twice wirh TSS buffer 
(SO m Tris-HCl (pH S}, S stt EDTA, S eH KaCl) and resus- 
par.ded in <-0 «3 TZS per 1 of initial culture volume. 
The cells vera lysed with lysosjise-Tri ton x-lco (H, 
Kana, ?t :: al . , "Plasstid Cloning Vehicles Derived ?ron 
Plaemids Col El, F» &6K And RK2" in Methods In Kncy^eloa y, 
&H: Recc-sbinant: DMA (R. wa. od. J (ioftot (in fr*s« 5 ) . 
Forty ml of the TES suspended cells vece combined with 
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20 ml 10% sucrose in 50 ?J-< Tris-HCl (pH 8) and lysozyras 
te 1-2 sagA-i and allowed to stand at roor, tesper&toire 
for 20 rain. To this sufipeasioa vera added i &i 0.5 ?■! 
HJXWiaOH (pB 8}, 6 si 0.2% Prison. X-1C0, 25 EDTA, 
5 50 sss Tris-KCI {pH 8> and the lysis cospleted at rooa 

temperature for 30 »ir,< Cellular debris ar.d cost of tiis 
Gturomssectl KiA ware rejssovad fcy pelleting in a BecJsaan 

retor at 24000 rp» for 4$ rain. The supeniatar.t was 
cooled in ice. ccsbinsd with 1/3 vol 40% polyethylene 

10 glycol 6002-2 M KaCl and alloved to stand overnight at 
CC. The resulting precipitate was collected in a 
Sorvall H3-S rotor at 5000 rp.t for 10 airs at 4°C and 
dissolved in ~ES buffer, the solution, with 0,2 vol 
ID jsg/ml ethiditsn bromide (Serva) and csCl t;> 1 g/ntl, 

15 was esrstrifsged in a Becteann E60 Ti- rotor «!; 40000 rptc 
for at least 48 h, cne polyallo&er tube ssu iC.ly being 
sufficient fox the lysafce frota 1-2 1 of ori::.nal culture 
volisinft- Two SJJA hands ccuid be visualized ii! the tube 
ander W« illumination , The band of highest ;icr.sity 

20 corresponds to plssr.id fora I DNA, the secc:.d band 
corresponds to fens 31 and fors 111 plascdd *8<As and 
Bo^e chrcaosossal DNA. The first band was collected iron 
■che tube, ethidiusi brcstid* re-oved by six i-.?o&i»yl alcohol 
extractions, and the aeneous phase diluted 'r;.th 3 vol 

25 water-tuppletaersted with up to 0.2 K sodiata acetate 

(pH 5.1) before OKA precipitation with 2.5 vol ethane!. 
The JS2A was redissolved, extracted with phenal ar.d again 
pracipitatad with ethanol. The quality cf the DMA was 
»onitorsd by electrophoresis cn a 1% agarose gel in 

50 40 *M Sri*-SDAe (pH 7.8), 20 sSl sodiara acetate, 2 e*J 

£X>TA, followed by ethidiuK t reside staining. If the D«« 
v.>ss contaminated with too rswoh KIA, it was further 
purified fcy neutral sucrose-gradient centri f -gatior. : 
300 pg K.« in 10 tl-i Tris-HCl (pK ?.&). and 1 23TA were 

3i loaded cn 36~»i 5~rt% jajc^sc srsctiafct ia 1C ffi: 7rts-i::i 
{pH ?.$}, 1 stf! EDTA, 1 K Nad, centrifuge* ia ?»lyallo»er 
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tubes for IS h at 24000 res io a Secte&nn SW2? rotor at 
js°C asd the SSA ccotsirsing fractions (OS 2&0 ) pooled and 
precipitated with sedius acetate-ethanol . 

Step S ~ Hvbridizstisn Of the DH& 

vim Total k;a 

About. ISO pg J3UA, thus prepared, vere corr-bined 
with scse uniformly labelled ^"P-ssarksr SUA and 2 

DXA (a recombinant plasKud containing a full 
sise cS"A copy of satellite tobacco xerosis virus 
(••srKV">-RXA; J. Van E£2r.elo.. et al . , "Construction And 
characterisation of A Plastic! Containing A tfearly Full- 
Size DMA Copy of Satellite Tobacco Xecrcsis virus Hite", 
J. ftol , SicC. . (in press) as internal contr;;; , sheared 
by soaic&tion in an HSE sc-cdcator sna" preeiprtatsd with 
sodiiiE aeetate-ethanoi . 

A diazobMraylexyssethyl (pB») -cell-Cose solid 
matrix ( Cf, , J. C. Alvine, et al . , "Method Tor Detection 
Of Specific ajJAs In Agarose Gels By Transfer To Diaaobensyl 
Oxynethyl Paper And Hybridising with SSA ?r-.l>es». Proc. 
Katl. Acad, Sci. USA, 74. pp. 53SD-S4 (1977 J > was prepared 
according tc the sethcd o£ J. C. Alpine, et :rr ai. , "Detection 
Of Specific PJiAs D.r Specific Fragments Of ZV<h fractionation 
In Gels Ar.c Transfer To Disaetenayloxy»ethyl Paper", 
Kethods-Snzyrolesy , 6£;Recc=feinast DilA (R. Vu, ec!, ) 
(1980) for a paper : "matrix, a sheet of WhatisaA 540 paper 
was evenly soaked is a solution containing Z-d »g 
2~ (a-nitroiseaxylosy )t,ethyl pyridiniua chloride (jrErC/BPH 
and 0.7 ci scdi^ia acetate tri hydrate in 2S.S water 
per ca 2 , ir.cub.ated at €2«c xastil dry and for further 10 
sin, and baked at 13&-135*C for 30-40 ssin. After washing 
several tises vita water (absat 20 cir,} , 3 tirats vith 
acetone (about 30 ain}, ana drying it was stared. The 
pr.per was incubated at SQ'C for 30 tain in 0.4 nl 20% 
sodiuis di thion* ts-vatsr per ca^ vith occasional shaking, 
Ibe paper v«s again washed four tames with water, or.ee 
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vitfe 30% acetic acid for S nin and four timas with 
water, transferred w 0.3 szl per ca £ ice-cold 1.?. >5 BCi 
to which 10 mg/jsl fresh UaKO,, had been added issaediately 
before use: for 38 ssii; at. C*C, and washed twice quickly 
5 with ice-cola 1 water and ones with 80% dimethyl sulfoxide 
{ speetrophoto«etric- e-rads, Ksrck)-20% 25 kH soaiuo. 
phosphate {pH 6.0), For <s powder na-erix essentially the 
sa»e procedure was followed using jsicrogranular cellulose 
powder {batman CC31), the gucntities being expressed 
j 3 against the corresponding weight cf the cellulose matrix. 

Initially,, ve used a powder matrix because the 
capacity for' binding was higher, so relatively smaller 
volumes for hybridization, washes and eluticn could be 
used- Subsequently we used a paper matrix for indivi- 
15 dual clone screening. Use of paper peraits efficient 
elation with water .'hich proved superior for the later 
assay of F IF&8NA. 

The OKA prepared above - was dissolved in 25 
scdius phosphate (p - ;.' 6,0} heated for I lain, chilled and 
;c fettr vol DMSO added. Coupling to the matrix (SO nq 

{powder } or a paper disc (10 am dia.)) usually proceeded 
over s weekend at 4*C with continuous aixing. "ha 
volaae of the SNA wf.s kept rather ssjell to allot close 
contact with the aarrix and thereby enhance efficient > 
25 coupling of the pXh to the isotrix. After coupling, the 
astrix was washed fyit titaes with water and four times 
With 0.4 it KaOK at 17*c £or lo jaia each, again four 
times with water at roea temperature and finally twice 
with hybridization httfiar (SC-S farsanids {dei-cr.ized, 
20 Baker). 40 as* piper? .zirse-iJ, ;r> -bis {2-ethane Bttifoaic . 
acid) (pK 6.4) ("PUSS, Sigo.a), 1 «« EBTA, 0.6 H Had 
and 0.i% SOS } at 4*C. Coupling efficiencies Were meas- 
ured by ^p-radioactivity. 

Twenty pg total JUJA, prepared as before, ar.d 
35 50 ng ;~-;v-R:.V\ ve-r: dirsivivad ir. 2 SO pi {f-0 t *l for r-a»er 
satrix} hyhridizaticn buffer and added tc the D%"A coupled 
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jsatxix- The »atri>: was hsated to 70*C for 2 sain and 
•ne Id at 37 "C overnight with gentle i&ixing. 

Step c - Separation Of Hybridised Total kka-CNA 
Fry* Kon^ridiaed Total R>U 

After esntrifugstien of "he powder Katrxx, the 
UBhybridised KKAs were removed and the matrix washed 
seven tiates with a total 2 ffll SQ% foraaaide, 10 tUZS 
(pH 6.4), 1 nS-J EDXA, D.3 M HaCl and 0.1% SDS, the lower 
salt content o£ these washes destabilising non-specific 
SSA-DHA binding. Bach wash was followed by eentrifuaa-* 
tics an<3 resuspensien of the jaatxix is the buffer. For' 
sttbse<saetit assay, the first wash was pooled with the 
tsnhytoridizecJ RJfA ("Fraction 1"} and washes S— 4 
{"Fraction 2") and washes S~? {"Fraction 3") were pooled. 
In hybridizations to a paper matrix, a siasi'lar procedure 
was utilized except that, the total wash volurse was 
limited 1 ml. 

Step D - Purification Of Hybridized Total SKA 

The hybridized total KHA-DKA vss eluted from a 
powder jsatrix with 3 elutions of a total 900 jtl S~% forjaa- 
wide, 0.2% SDS* at 70«C for 2 ain and chilled in ice. 
The total hybridization procedure and elation with 
fornaaide were essentially as described by A. G. Saith, 
personal coisaiuni cation. The hybridized total RKA-DNA 
was elutsd frens a paper matrix by first washing with 
100 (j! of ice cold water and following that with two 
water elutions (total 300 yl} at 80 8 C for 2 tain. For 
subsequent assay these elutions *x»d the 100 pi wash were 
pooled ("Fraction 4"). 

To oo«~hai£ of each fraction, 0.1 pc calf 
liver tPJJA or ribesoraal nth were added {Fractions 1A, 
2A, 3A and 4A) and to the oth«r half 8 uq eufearyotic 
poly(A) SKA or rifcosoasl RJiA were added {fractions IS, 
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2B, 38, 48}. Tfee fraetisns were pwrified by precipita- 
tion by the Edition of 3.5 « KaCl ersd 2.S vol ethanol 
to reasoval traces of foraarside and other icpurities. 

Ste&JS ~ Betamination Qf F xynSSA Activity 

3 Fractions IA, 2A, Zh and 4A were translated in 

25 pi nucieese-tretted rsisbit reticulocyte lysste (era- 
pared according to the procedure of 8. S. ?eliia» and 
R. -J. Jackson, ,! aj> Efficient tSaiA-vSpeadent. Translation 
Systaa Tor Ratieuleeyte Lysates" , Eur . J. Sicch'sn. , 7, 

10 pp. 24 7-5 & (1976 )) by the procedure of B. LeSiets. et al . . 
"Translation Of Mouse Interferes jsRKA In Xepsyus t-asvis 
Oocytes Ana In Rabbit Seticulocyts Lysst.es", 5icc:-.i>r , 
|iot>hvs. Cttssm., 22, pp. 665-673 (1278? except 

that 250 sSM spersaidise-HCl , 1 cK fructose-1, (.—diphosphate 

IS ware added in the presence of 2S S-»ethi©nin« {0.3 cCi/cl, 
toersha.Ti). After incubation, 25 pi reticule :yte lysate . 
£roB absve, were essoined vith 1 vl 1C% deoj- •sholate-iCX 
Triton X100 and 2 pi aatiserae-PSS (ItS) aac bested at 
S7 i 'C far I fa. Twenty jj! Stgs^'l ace ccv: a ev:r< ■ is Co-aa 1 

20 (freshly v«shed, S. *'» Kessler, et al. , "Rapid isolation 
Of Antigens Frost Cells with A staphylococcal Protein 
A-Antibecy Adserbar.t: parameters Of The lot -sr action Of 
Antibody-Antigen Complexes with frotein A", j. Xr-tunolooy , 
115, pp. 1617 -le2* (1??S) in 10% 100 b£{ NaCl . 10 rJ5 * 

25 Tris-HCl (pfi 7.4), 1 tsJ3 EDTA, O.OSg ve;<? added anci 

the mixture maintained at 20°C fcr 30 cds as-i eentri- 
fuged in *» Eppesnderf S412 centrifuge for 2 nin. The 
pellet was washed and centrifsssd twice vith FES end the 
final pellet dissolved in sarpls buffer and «;iectro- 

30 phoresed in 135 polyacrylar.ida gel as described fcy U, K. 
Laeseali, et ai, , "Cleavage of Structural. ?ro*:eir.s Surir.c 
The Assembly Of The Head 05 Bacteriophage T4' . N'atura , 
22", pp. 680-8S (1§7C), and ausoradiosrephed . Ccrparisen 
of th* STJJV-siia tr-snsl&ticn prc-durts in Fracrirnr 1A ard 
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4A provide &« indication e£ the efficiency o* hybridisa- 
tion and Ki-iA degradation irs the process . 

Fractions 13, 28 » 33 and 4S v&re dissolved in 
2 pi vater and assaysd in oocytes for F IFaRSA ecrttest 
j described absve„- - 

3. Subscjusnt Assay - Hybridization To 

So»e B«bsc5?ient assays of individual clones 
were done on nitrocellulose shsets (l-U Cochet, et a I . , 

ig "Cloning 0; An Alaast FuIl«Le-irch chiekss Coaalbuain 
poubie-Strar.ded e^.", 1<mtete..Mt£LM***&:h. 6 < 
pp. (157$)}, The D'.'A vas dissolve--; ir. 2K JJaCl 

arsd 0.2 H i?aOH, heated at 100*c for 1 sin. billed, and 
spotted an detergest free Kiiiipore filters 5 pore size 

15 0.45 u»; 7 dia. ). Tii& filters were b&kea for 2 b at 
60"C, washed in 0.3 K KeCl, 2 j£C SDTA, 0.1% »3>S, 10 taM 
Tris-ECI {pH 7.5} arsd dried at roots -tessera-;; re. The 
RHA was hybridised fcr 3 h at 4? 6 C in 30^ f% ;rtairlce, 
0.S K K&Ci, 0.4% 555, £ Js-S SDXA, 50 sK p:?S.-- (pH 7.5). 

28 Eyoridizatien was stepped by dilation vith l'l vol 0,1 >t 
UdCl aad the filters were vashed several tin** in 15 mi 
0.3 i! l?*Ci , 0.1% SSS, 2 CM EUTAi 10 TriS-iCl (pB 7.5} 
by slaking at 4S*C a~d saver&X tir.es in the *SS3 solution 
without SOS at 4»C. Elutica of the hybrid!:: id RSAOXA 

2 5 was effected is 30 ^1 5 »M potass iiis chlorie* .at lOC'C 
fer i lain. 
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JO 



Se^Its Of Ths y::A Selection 5ybricisat icr_ssaav 

Sixteen croups of sJsout 4S clones ware screened 
groups A-?}. In six of the groups, fraction IB ecrnair.sd 
the only F I?r5s>« activity, in tight cf the grcups rto 
F jf&RXn was detected sr.d in two groups {Groups C a:-.5 o) 
F insJL"A vf,s observed "irs Fraction 42. The group C acd O 
Rssaj's are r sported in ths following format: levari tius 
o£ T IF «r.its {calibrated against reference standard 
63/19), detected irx the essay of Fraction IB ctso.^-^ybcrid™ 
ized) and ir. the assay of Fraction 4B {hybridized). Zhe 
litsit of detection was 0.1. 

group. Fraction is £f_{l£lf..v.^dl 

C 2.0 0 

0 . S 0.5 

1.5 *5 0 . 2 

0 0 0 

0.2 0.5 

Gretsp 0 was eubdivifsd into 6 subgroups < subgroups 0, to 
o fe ; foar of eight clones and two of seven clcnes } &r.d 

20 hybridized and assa ; >:d as before, except that a 400 si 
culture per cleric v.-s used. The sx&grocps gave the 
fallowing results, -resented in the saxse forest as 

■: . : above. Hydridissti:n was carried out ct OKB-ccllultse 
powder except a? c-t.-ervis* indicated. 
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1.2 C 

1.2 0 

i. 0 0* 

1.2 &"* 

0,1 0 

0,7 SO. 2* 

1.0 0 



0, 0.7 C 

1.0 SO. 2* 

10 0-5 0** 

0,^ 0.5 £• 

1.2 0* 
•••0.2 D.5** 
0 }/s 0 i.?* 

15 <0..2 1.2* 

■3 0.7*- 
0 1,0** 
Therefore, close 01,'.) contains a rscoafciaant DK'A s»l*scule 
Caj>abl« cf hybridizing T IT vBHth is em total RJA ccr.tair.i~5 
20 F IF ftKM*. Kon-spicific Si.VCSfe birring is highly ar.likely, 
because & comparison of fractions lh end 4A revealed sub- 
stantially no ncsn-s^-scific binding of SUA' bk« in ti;es* 
saae experiments . as aoni tared by translation is a 

rabbit reticulseyte iysste in the presence of 35S~r.ethicnine , 
25 followed toy gal ele: ~x«phor«sis, &b described above . Clone 
01/8 vas designated 2. call HB101 < G-p£R32 2 ■ ?st.) Fl 
("6-KBlOi-p.KTin"), its reccsfcittant ttt* noiecule C-?:*.r.322 
(?st}l!crrri r'?Krirj«} sad its hybrid insert "cH~*?I frig- 
»»nt". This Ro»enciatare indicates that tha clonst sj:-v» recosn- 
30 binsr.t K.'A molecule originated in Ghent ("a"} arid ccr.-.prioes 

plassaitt p8R322 costs ir.ing, at the ?st i site EFIF c~"A ( * ! HFIF" ) , 
the particular nolecule kairvg the first located. 



* t>m cellulose peper aethod 
35 ** Nitrocellulose sheets 
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pHFIFl, isolated above, was used to screen the 
library of clones, prepared previously, for bacterial 
5 clones containing reconsbinant DNA molecules having 
related hybrid SNA inserts, by colony hybridisation 
{8, Grunstein and c S. Bootless, Method For The 
isolation Of Cloned DKA's That Contain A Specific Gene", 
Proc, Natl, Acad, Sex. USA , 72, pp. 3961-3985 (1975}). 
xo - Tliis aethod allows rapid identification o£ related 

clones by hybridisation of a radioactive probe t.o the 
DNA'of lysed bacterial colonies fixed in nitrocellulose 
filters. 

The librar, of clones stores' in au crot; ter 

15' plates as described thove, was replicated on similar 
sise nitrocellulose sieets (0.45 pz> pore-diasiettx, 
Schleicher and SChue" or Hillipors), vhich had been 
previously boiled to .remove determent, and the sheets 
placed on LS-acar plites, containing tetracycline at 

20 10 j»g/»l « Bacterial colonies were grown overnight at 

3?*C. Lysis and fixation of the bacteria on the nitrocel- 
lulose sheets took place by washing consecutively in 0, S 
X Kaon {twice for 7 .i-in-h 1 H Tris-SCl (pH 7.5) i? 
Kin.), 0.5 K tzis-BCl (ptf 7.5} and l.S ft HaCl {7 »in. }, 

2$ 2 « SSC {Q. IS « xacl, 0.015 M eodium citrate (pH 7.2) 

(far ? »in.)>- Aftet thorough rinsing with ethanol &ni 
sir drying, the sheets vers baked at 80*c for 2 h in 
vacuo and stored at r. com temperature. 

A Kinf 1 restriction fragment specific for the 

30 pilFJFl fraymewt ( infr a) served as the probe for colony 
hybridization, described infra- Tnis fragment {-170 
fcasepsirs) was purified by electrophoresis of the Hir. f 
digestion products o£ pHFIFl in a '6% polyacrylasuide 3*1, 
After staining the J»IA bands with e'thidiuinbronw.di*, the 

35 specific fragment was elated, reelectropfeoresed and 

s *P-latKslled by "nick translation" Rifcby ct al.. 
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"labeling Deoxyribonucleic Acid To High Specific Activity 
Iti vitro By Nick Translation With SXh P0ly5sera.se I", 
j. »ol. Bio l., 113, pp. 237-251 (1977 5) by incubation in 
SO 1 SO 3aK 2ris-HCl {pH 7.4}, 10 aH MgClj, 20 »K p-ssftrcap- 
5 toethanol, containing 2.5 pi each o{ dCTP, S27P and dS7? 
at 400 jjM, 100 paoles «- 32 P-ATP {Ais«rsha»» 2000 ei/saaoi*) 
and 2 . S units of S*«>-paIy~»rasa I (Boehringsr J at 
far 45 tain. The unreaetsd deDKyTS-vScifioaida triphosphates 
ware rsjj)OV«d by gel filtration over Sephadex G-SO in 

10 t.e. buffer. The highly 32 s~.labell«d BXA was precipitated 
with 0.1 vol of 2 n sodiaia acetate (pH 5.1) and 2.S vol 
cl ethanol at 2CC. 

Hybridization of the above probe to the filter 
iBspxesBatec- was carried out essentially as described 

i5 by D. Haneban and M. Kessisen (personal cewsaunica tier* ) j 
the filters, prepared above, were preiiseubated for 2 b 
at 48* C in 0.1% rie«:i, 0.1% polyvinylpyrrolidone , 0.1%' 
bovine serum albarai?, 0.15 H KaCl, 0.O3 !•$ Tris-HCl 
(pS 8}, 1 fa;-! EJ53A, Jiid rinsed with 0.02% Ficoll. 0.02% 

jo polyvinylpyrrolidone, 0,02% bovine aerua albumin, 0.7S 
J4 KaCl. 0.15 « Tris-UCl (pS 8). 5 «S I25TA ana 0,5% S&S. 
She bybridixstien pi;»ceedsd overnight at <68»C in a 
solution identical to the rinsing solution above using 
the 32 F-iabelled prcbe which had been denatured at 100*C 

2s for S »in prior to use. The hybridized filters were 
washed twice with 0.3 K K«C1, 0.06 M Tris-HCl (pH S), 
2 ma EDXA for 2 h a- es-c before air drying and auto- 
radiography . 

About 136^ clones, originating froa the S0O-SO0 
30 BSft size class, were screened. Thirteen colonies, 

including pBFIFl, gave a positive result. These clones 
ware designated G-KElOl-pHFIFl to 13 and their recombinant 
DKA molecules pBFIFl to 13. One of the clones, pB?XF2, 
wtis hybridised with pcly{A) »J5KA containing F IF mRJ.'A 
35 and assayed asixt 1 ? 53'V-eellulose pacer ( si>?rs ). Seeayse 
the total XP-RKA activity was detected in the hybridised 



Board Assigned Page #2394 



-44- 



fraction and the u&hyhridi&ed RKA did not centaia any 
detectable activity, it is clear that clones identified 
by ce-ieny by Bridie at ion to a part of the pHFXFl fragasnt 
also hybridized to F IF aRMA. 
s It is, of course, evident that this asthod of 

Clone screening may be employed equally well on ©that 
clones containing VKh sequences arising fro» reeoshinaat 
pX.'i technology, synthesis, nat«rstl sources ox a coKibisja- 
tier, thereof or clones containing CSA sequences related 

10 to any of the shave DJJA sequences toy mutation, including 
single or multiple, base substitutions, insertions, 
inversions, or deletions. therefore, such OKA sequences 
and their identification also fall within this invention. 
It is aJLso to be understood that SNA secf-ionces, which 

; ; are not screened by the above pka sequences, vat which 

as a result of their arrangement of nucleotides code for 
those polypeptides ceded for by the above DNA seq-oer.css 
also fall within this invention. 

ca*M^z;zh<tsw or r if-kelated rsco hmwakt plaids 

11 £he thirteen clones which vere detested by 
colony hybridization were further characterised. A 
physical sap of the inserts of these clones was contracted 

and the orientation of the inserts in the various clones s 
was determined. 

''i The physical maps of the plsssids wr« ^ob- 

structed by digestion with various restriction ensyasas 
£Kew England Sielabs) in 10 jrJE-I iris-HCl (pi5 7.6), 7 raH 
HoCl 2 and 7 tat ^-jsercaptoethanol at 37 0 c- by well-teown 
procedures, "he products of digestion were eleetrophoresed 

3*> is Z.2% agarose or 6% petyacrylaiM.de gals in 40 m 
Tris-soAc a-H 7.8), 20 eM edta. They were analysed 
after visualization by staining with ethidiutr-broBtide and 
compared with the detailed physical asp of pSR3£2 £J,G. 
Sutclifte, r. apra > , Restriction «aps of the different 

33 plsnsdds were contracted on the basis of these digestion 
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pattems. These were refined by sequencing the SNA 
inserts in various of the plasaids, substantially by the 
procedure of A. ft. Maxaa and W. Gilbert. "A New Method 
For Segoarscirig D::«», Pr.cc. ...Kat.1... Acad . Sci . VSh, "K, 
5 pp. 560-S64 {IS??). 

Jlasfiid DNA was prepared frc-ra various the 
pHFJFl~X3 in accordance with this invention by the 
method of Kahn et al . (bwdts),, sapioyed previously 
herein to isolate the D*-?A fros the sets of clones for 

jo screening- The isolated Coras I OKA was purified by 
neutral sucrose-gradient cenrrifugatien as before and 
restricted, by various restriction enzymes, essentially 
as recosaiendea by the supplier {New England Eielabs). 

Restricted DNA was fiaphoEphorylatsd for 30 cin 

15 at 65 "C in the pre Since of 4 units bacterial alkaline 
phosphatase and 0.2;.; SDS. following two phsncl extrac- 
tions and ethancl ps-jcipitstiou, the ESfA was 5<~ terminally 
labelled with ■v~ 3 *P-.VI? £~ 3000 Ci/rcrsoie) and polynucleo- 
tide kinase (P~I> Bii-rhesdeals, Inc.). 

JC for sequencing, labelled fragrsenta ware handled 

in two weys. Sowe *'ire purified on a polyacryl esdie g*i 
prior to cleavage with a second restriction enzysse. 
Others were irar.ediatiiy cleaved with a second restriction 
en«ya*. In both eaves the desired £r absents were saps- 

*i rated on a polymery; mide gel in Trxs-borate-ESXA buf fer. 
Figure ? displays tie various restriction fragments (the 
circles indicating the label and the arrow the direction 
of sequencing) and the sequencing strategy employed 
using pKFXFl, pHFIFj, pHTIFS and pKFlF?. 

JO The frags* ats were aegrnSsti according to the 

methofi of A.K. Hanea: and v,\ Gilbert ( stxpra ) . The products 
were fractionated or. pel yacrylamide gels of various 
concentrations and lengths in 50 «M Tris-borate, 1 jsM 
EOTA (pH D.S) st 9QC V to 3000 V. 

3S K*ch stretch -of cDN& insert, was sequenced frois 

both strands and each restriction site which serves as 
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labelled tersdnus was sequenced using a fragment spanning 
it. The composite nucleotide sequence thus obtained for 
the coding swand of T IF or gene and its correspond- 
ing aaiino acid sequence is depicted in Fig. 4. Because 
5 none of plasaidc pEFIFi-13 contained the complete gene 
for fibroblast interferon. Fig. 4 results frojs a combina- 
tion of the data from at Isasc tvo such pi ascitis. In 
this regard, Fig, 5 displays the relationship of inserts 
pBFlFi, pHFXF3, pHFIFS and pHFIF?, the solid arrow© or 

i0 chevrons indicating tits orientation of the various pcrts 
of the inserts. 

Referring now to Fig. 4, the h»t*ropoly»eri© 
part of the insert is flanked on one end by a segment 
rich in x's and by c serin? of h's {probafcly reflecting 

i3 the polyA tersrdnvs <>f the ssHNA ) . For refexer.ee the 

insert is numbered :rc» first nucleotide of the composite 
insert to a nacleot v3e wail into the ustranslated section 
of the insert. An ATC initiation triplet at position 
&S~6" and a TGA teininatic-a triplet at position 626-628 

i$ define & reading frsae uninterrupted by nonsense cocoas. 
Any other translatable sequence, i.e. . in different 
reading f rases, fiauked toy an ASS or a CIS and a termina- 
tion signal is "coo afcort to code for a polypeptide of 
the expected size c: F IF. Therefore, the region between 

Z$ nucleotides 6S and >?25 most likely includes the nucleotide 
sequence for the ccttposite gene that codes for F IF in 
accordance with this: invention. This sequence does not 
exclude the possibility that modifications to the gene 
B«ch as mirations, .-.ncluding single or multiple, base 

30 substitutions, deletions, insertions, ex inversions may 
not liave already ec«urred in the gene or may not be 
eaplcyed subseqaentCy to modify its properties or the 
properties of the polypeptides translated there frees*. 
Kor does it exclude any polymephism which may result in 

33 physiologically xisiior hut str^r rurally rlijhtly -M £- ... 
ferant genes as polypeptides than that reported in 
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Fi0wre 4, supra , p. 4. For example, another clone 
identified in accordance with this invention has s "T" 
instead ef a 'C" at nucleotides $0 of the nucleotide 
sequence coding for F IF. This change in the third 
nucleotide of ths cedes dees not change the amino acid 
and coded therefrom . The translated insert of this 
clone is identical in nucleotide sequence to that imported 
by Taniguichi et al , , suora. 

It should of- course be understood that cloned 
cSKA frosr. pciyA by the usual procedures (A. 
Efstratiadis et suora ; lacks 5' -terminal nucleotides 
BBd way even contain artif actual sequence's (R.I. Richards 
et_al,. , "S-Jeleeular Cloning tod Segyence Analysis of 
Adult Cfciekth j5»Globi?i fr'aeleie Acids Research, 7, 

pp. 1137-46 {1875}). Therefore, it is not certain that 
the ATG located at nucleotides 65-67 is in fact the 
first A2G of authentic trjaEA. However, for the purposes 
of the following description, it is assumed that the ATX5 
at nucleotides 65-67 is the first ATS of authentic F IF 

By comparing the polypeptide coded fay this 
region of the insert vlth that sequence of 13 aair.o- 
tensinal aaino acids of authentic human fibroblast 
interferon — RetSexTyr AsnLewL«viC.lyPheX.etGlnArgSerSei' — 
determined by Knight et al , ( supra ), it appears that the 
chosen reading frasse is correct and that nucleotides 
65-12? may code for a signal sequence which precedes the 
nucleotide sequence coding for the "mature" polypeptide „ 
In addition, in eukaryotic oKHRs the first AOS triplet 
from the 5* tcrainuc is esusily the initiation sits for 
protein synthesis {H. Kosak, 13cv Do EtAsryotic Riboso^es 
Select Initiation Regions Sti Messenger RKA?", Cell , 15, 
pp. 1109-25 (19?£}). Rare, the csdon in the composite 
fragment corresponding to the first amine acid of fibro- 
blast interferon is 22 colons froa the first ATG, This 
again suggests that the DMA sequence coding for fibroblast 
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1 



interferon csay be preosded hy a seijuence determining a 
signal polypeptide of 21 aainc acids. She presumptive 
signal seguence contains a series of hydrophobic mina 
acids. An eccussulation of hydrophobic residues is 
5 characteristic of signal seguenees { e.g. . B.D. Davis an* 
r.C. Tai, "The Mechanisn of i' rote in Secretion Across 
Keffibranes" , Nature , 283, pp. 433-38 {1SS0}}. 

The nucleotide seguer.ce apparently corresponding 
to ."mature" F IF polypeptide comprises 498 nucleotides, 

jo which code for 166 amino acids. Ass'-iaing that there is 
no earboxyterainal processing, the molecular weight of 
the interferon polypeptide is 20065 . The base composi- 
tion of the coding sequence is 4S% C+C. the cccor. usage 
within the interferon codin? sequences is in reasonable 

13 agreement vith that cospliad for assaialian s.;hab in 

general {R. Crasithssn et_al. , "Coding Cat&lor Usage And 
The Cenose Hypothesis", ^cieic Acids. Regaarrh, 8, 
pp. 49-62 (1030)). Any deviations observed cay be 
ascribed to the small numbers involved, 

2S She structure of the polypeptide tiipicteS in 

Fig. 4 for the composite fragment, of course, does nrt 
talte into account any notifications to the polypeptide 
caused fcy its interaction with in vivo e»2 visas, 
glyccsylation. Therefore, it ayst be -.ir.de r: *.oosi that 

23 the aiaino acid sequence depicted in Figure 4- raay not bo 
identical with F IF produced in vi-o . 

The eoHsparisen of the first 13 oauko acids cf 
authentic fibroblast ir^erfcran {Knight et_£l.„ ru-ora } 
and the seguance deduced frea the ccs^osite rene of 

30 Fig. 4 shows so dl ffersuces . the asine acid coraposittens 
e*te»Kir.si directly for authentic fibroblast interferon 
on the one hand and that deduced frca the se-jacnce of 
the composite gene of this invention or. Che >~ther also 
shew substantial similarities, fie. 6 displays a Gocpar- 

35 son of th»se cop?s«iti«ns. 
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Although -».%- cf the rsas^ir.&nt SKA acle.Ciiles 
prepared in aecorda-es with t.his i»ve-xic~ contain the 
ce»r.pletft DUA see-je^cs for Ciorciisse inierftrca, a 
cen-isiRaticr. cf pcrtier.s cf the inserts of these recombinant 
5 DJfA acieeules to affcrrd tht cospi«t« F I? gen* 

segusnM is within tha skill of the art. Fcr exs-ple, 
by rsfarsr.es to Fig. 5, it can readily be se4& that tfie 
Pst-t-ScI II frsrr.i" of pEFIFS could l>e joirsso vith the 
ysiil~Sj.e S I frtgse-t cf pHFI"? or the EcoSI-grtJ fragment 

iO of J5K~1?6 -eaisj &- joined vith th~ ?st;-=» n fragx-sr-v 
of pH?3?7 or tha »?i::-?st l fras^snt of -H?Jr5 cotiid te 
joined with the ?st?>5.ol. II fracaent of cloiss / to for a 
the composite ? IF -ana . Tha joiaiag of tJ»*;:« £ra=rsests 
could be 4c:t« before or after insertion int • a assixtc 

H plastic. 
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PREPARATION OF P^SMJDS CC:.TA2SJ«G THE COMPLETE 

efi? cztit ?on THE Pf?.?CSS 0? SXPJSSSISS 
„ l pcLYpryricss sis?^yx::s hfif activity 

Bacteriophage i core alns two strong promoters, 
p^ «u*dt P R , whose activity is under the control c£ a re- 
pressor protein, the product of the phage gene e_X. In the 
praseace of repressor, .sranscriosion £rc?r> these promoters 
is fully repressed. Removal cJ repressor turns on strong 
transcription front F. and ? R {for review, see H. Sayb&lsXi 
and W. Ssybaiski "A Comprehensive Molecular Map Off Bacte- 
rioshaae a", Gene, 7, 217-270 US?!?} K 

Derivatives of the multicopy plasmis" pSS322 
Scliv&x et si. "Construction And Characterisation Of 
Kew Cloning Vehicles. XI. A Multiple Cloning System", Gene , 
2, SS-113 {1977); were constructed that incorporate the 
?^ promoter, 

*• St-ructure; Of Plasmas Containing The ?^n;£2£££ 

*lasmi<J p?L*23U (shown in Fig. 8 J consists of 
three Has II fragments, the largest fragment, about 1340 
base pairs, contains the P^o^ region tross ba«< eriophage X 
snd the 2~lacta«ese §er.fi ragion frcss cSK322 Sutclifffa 
"Complete Kacisotide Seqeance Of The Escharic -a soil 
Pi&smid pB3322*. Cold Sprinc Harbor Svr^csi^. 49, 77-30, 
S1578}). Adjacent to this fragnent is a 370 tase pairs 
Hae II ffr assent ee-tvea fro- piassaid Co IE, . T;»« origin dt 
raplication spans the function between these -.vo frag- 
ments {A.. Oka at al. "Kwcleotida Sequence Of isaall CsslEj 
Derivatives. Structure Off The Regions Ea*«nti«l?or Auto- 
nomous Replica* Lor Ana Colicln £^ Irrscnity" K*>1 . Gan, .Ganst. 1; , 
172, 1S1-1SS {197SJ}. The third fise 12 ffr*g»e:-.t, ahout 
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l&GQ base pairs in length, codas for resistance tc fcana- 
Eiycirs. This fragraent was originally derived from piesnid 
pCR, iC- Covey et ^al. *A Method For- The Detect ton Of Res- 
triction Sites In Bacterial Piasrsid DSA", «al. Cfcn. Genet. 
145, 155-158 5, The direction of transcription Jrea 

the promoter rons in the sajae sense as the a-lactaaase 
gene. PlassRia pPLai311 confers resistance ts> 100 tg/»l 
csrbenicillin and 50 igyrel kan&wycin. 

Plasnud C-o?T,aS 

Plasciid {shown in Fig. 9} was derived 

frora pPLa-2311 by converting the PstI site in the 8- lacta- 
mase gene to a Sari-: site, this was *ceo»plished by Sj 
nuclease treatment of Pstl-opened pPLa23il followed by 
blunt end ligation to a BaaKX linker fragweat (obtained 
from Collaborative Research Inc., Malthas, Mass. eat. n* . 
18029} and recircula;irsticm of the molecule after Saa HI 
cleavage. Piastiid pPluS no longer specifies resistance 
to carber.iciiiin. 

Piasr.id C— oPLc2, 

Plasjsid G-t.:»Lc24 {shown in Pi?- 10} contains the 
6-lactamase gene and the origin a! replication froa pSR322. 
A 2 SO base pair BacIt-Eeo Kl fragtsent contains the Pj&j, re- 
gion from bacteriophage JU The direction cf transcription 
frajfi the promoter is towards the EcoRI site. A 431 base 
J?air gcoai-Bar- HI Jra-risent codas for the ribosoiae binding 
site and the first SS amino acid residues of the bacterio- 
phage MS 2 replica** yens, obtained frosts plasniid j*$S2~? 
{P. Devos et a:. "Construction And Characterisation Of A 
Uasaid Containing A nearly Pull-site DSA Copy Of Bacteria- 
phage MS 2 SNA* Mol. 33 ol, 125, 5SS-61S (1979)). Trans- 
lation of the fS2 replicas* protein fragment runs cclinear 
vifch the transcription fro* the P. prencter. 
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8- ?*^:&z*z*-£t*P*r!*P*t.S»ix.eh-Ox Off Prc-Otay Activity 

Transcription fre» the P. promoter - present on 
plasr.ids ©PtaSill, pPLaS and pPLc24 - is repressed by nair-- 
taiftifsg the plassnids 1- an E, , cgli strain that syr.thasites 
the repressor protein. Dae to ics «u tor emulating taoSe of 
synthesis (M. Ptashrs© et. al ■ "«y t c r e s -j i a t i c .-> Arid funetior. 
Of A Repressor- In Bacteriophage J.",/!!^ 0 !^-^! ii37«; • , 
one copy ©£ the cl gene en the chromosome of a Xysogenic 
strain is *.bie to faiiy repress the ?, promoter present cn 
a nsultieopy plasaid. 

The strains used wars KiSiHI SKI J H7 2 lac,„ 
icrpeX2 S?n* OxISS? H s -., 7 N> ar.S ' bie hS- Barnard si . 
"Constrsicrtion Of Piasmid Cloning Vehiclc-s That Promote Gene 
Expression From The Bacteriophage J Promoter* Gene , 5, 
{1979}) and (K12 H72 lac^ t.rp Sr. R (XCI8S7 

&HI bio252); H. Greer, 'The kii Gene Of Bacteriephace l" 
Virology , €6, U375} J. Both strains harbor a defec- 

tive, non-sKcisafcle X prophage carrying a »«tant cl gene. 
The mutant gene codes for a te^peratare-jsensitive repressor, 
thus allowing to turn on transcription front the T.^ promoter 
by shifting the temperature; at 28*C the repressor is active 
and represses transcription bat at 42 e C the repressor is 
inactivated arid transcription fros the promoter Is fully 
turned or.. 

The &K1 delation of the prophage removes part of 
th « ££2 and ail other genes further to the right of 

cro (H. eastellasai et al. "Isolation And Characterization 
Of Deletions In S«sterioph*3« >: Residing Ks Prophase In 
£• eoU Kir Mol. Geri. Genet.. U?, 2U-2IS US?2}>. The 
deletion of the cro gene is advent ace oas b«c»«*e accumulation 
c£ the cro protein is known to reprsss transcription from 
the promoter {/». Johnson at aX. "Machanisre Of Action Of 
The cro Protein Off Bacteriophage i* Proc. : : :atl. Acai, £ci. 
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g.S.A. 75, 1763-1767, (19781). Strain M$2i9 in addition con- 
tains the oic-252 deletion which reswves ell genes to the 
left of cm, including kil. 

Upon temperature induction strain MS 2 1 S expresses 
s functional g~ger>e produce- Strain KJ2&HI on the ether 
hand has two ariter stations in £ rendering it functionally 
N -negative. The product of the K gene is Xnovn to act as an 
antl-terainator in bacteriophage x U. W. Roberts, "Trans- 
cription Termination And Late Control In Phage Proc. Kati . 
Acad. Sei, g.S.A, 72, 3500-3304 <IS?S)>. The anti-tersine- 
ciors effect was equally observed vith terxdnator sequences 
nee naturally present on phage X DHh {«.?> , the natural 
stop at the end of che trg cpercn) , provided the SKA trans- 
cript starts at the ? L promoter . Furthermore, polarity 
effects., introduced by the presence of a nonsense eodon in 
the P, transcript, were relieved ander the action c£ the 
H-?*ne protein {for review see K„ Franklin and C. Vanofsky, 
""he g Protein Of ii Evidence Bearing Or Transcription 
Termination, Polarity And The Alteration Of £.. coU RKA 
Polymerase* in jRjfe Pglyy rase {Cold Spring Harbor Labora- 
tory, 2 9*6; pp. 635-7065. 

Having the aforementioned piasiaisis in a tharo«>- 
inducible bacterial cl background &ilo«s experimental 
switching on or off of the activity of i> t prossotar. The 
choice of K12iKI or J-s52iS allows transcription to proceed 
either in the absence or presence of the H~ger>e product. 
The anti -termination properties of J* could be acivantagaoiis . 
in such instances where DJiA regions are to be transcribed 
that contain transcription terrsinator- like sequences or 
slow-down sequences for the RKA polymerase. 
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C. Construction 0^ ClonssJ^ugh J^ve The, KTir Sew Inserted 
estates ?i>» Procter 



Isolation of pla-sald &!«A, restriction analysis of 

t»» and ligation of OSA Sracr.sr.es were performed && described 
above in the cloning of double- stranded DMA. The transfora- 
tion step was also as described above except that, when strains 
X124H5 or ."521$ where used as the heat, heat shock was done at 
34*C for 5 Bin and the transformed cells ««s ineBoated at 2S*C 

' Con »truction Of n**pii 

The rationale for this construction was the obser- 
vation that combination of the appropriate restriction frag- 
ments froa clones G-pSR322(?st) /HFI"-6 and G-pSR322 {fstJ/KTXF-? 
allows the reconstruction of a complete, cor.cxr.uou5 coding 
sequence of the HFX? gene. The flow of the derived fragments 
through tht several construction steps is shcvi schematically 
in Fig. &. G-pBR322 {Pst)/BFIF-5 OKA was clef- 2d with S OOR l and 
Pstl and ligated to G-p8R322 SPst! /%TX7~7 CX« viich had been 
cleaved with PstS ana PvcT. Following ligsti-i the wixtare 
was digested with gco RX and Hae ll, A 4 -fold r.iolar excess of 
this mixture was then licated to G-p?X.a23il IV A which had been 
digested with Heel! and EcoRi, Trans forsants <*«re obtained 
in strain CSOOr^U) , which was used because of its relatively 
high transforation capability and because it contains a wild- 
type c2 gene, by selection for kananycin resistance- Of IS 
trans fomants screened, two had lost resistanxe to carbenicil- 
lin. Restriction analysis of isolated re.-aaled that one 
of these had the desired structure of G-pi ! la->riF-67-l depic- 
ted in Fi§. 8, This plasjr.id contained a unlove SoqKI site 
aad « urti^ue Pstr site- Corixned £co?.I-Pst I digestion pro- 
duced two fragments the st-.aller of which coaierated with 
a fragssent obtained af ter *zaM-?$tl cleavage of S-S3R322 (?st)/ 



Board Assigned Page #2405 



-55- 



BFXF-6. gglll digestion, cleaved out & small fragnsant of 
about 650 oase pairs. The size of the latter fragment 
is consistent with the expected siae after joinino the 
proximal E^lir-Pstl fragment of clone G-p3R322 (Pst! /HFXr-6 
to the distal PstI-3slII part of 0~pSK322 i?St3 /HFIF-7 , 
Hin di digestion produced three fragments as expected frox 
the presence of KinsII 'sites on the regie.--., the axsi no- 
terminal part of the f,~iatta_tase eene and the untranslated 
5' end of the BFIF gene, This plesr+id was designated 
G-p?ia-HFXf-67~X. Based on the aforementioned characteriza- 
tion i>y restriction ensyrae analysis, pl&s~dd G~pFLa-HFXF-S~- ; 
should contain the complete coding sequence of the HFIF gene- 
The direction of /traWcr^ption runs co linear with that fros 
the P L promoter. In between the P L and the HFIF gene the 
plasmid still retains the poly!A«TS tail and sn inverted 3' 
end fragment as in OpBR322(Pst}/HFXF-6. 

2- Construction Of Piasr.id G -cPLa-HrXF-.J^ 

The nest step in the constructions .as airr.ed at 
removing frora G-pPLa~Kf XF-67-1 the poly (A*T) lil and part 
of the inverted 3* end fragment. G~pPi.a-HFI.T- 67- J D:;.-. was 
cleaved with Eg I IX and Hps 11, Since the HFI* sequence con- 
tains no HOall site this treatment results ir the Sal II frag- 
ment containing the entire coding sequence fc • HFIF and at 
the same time inactivates the regaining part <jf the vector. * 
The DNA was ligated to G~pPLa8 DJJA which had been digested 
with BaraHX. The enzynes Bsltl and, Ba^KX mke identical 
staggered ends such that Brill ands can he li;*ated to an 
opened BajyJI site and vice versa. Such a reconstructed 
Site is no longer a substrate ior Belli or 3j£tRI enity-ie 
action but is recognized by the ensyne Sau 3AI <i~2l3 
{V, Pirotta, "Two Restriction £ndonuolea$es ~rco. gacil ly.g 
gleblgii' t:,uclele Acids Res. 3, 1747-J760 tir,*}>. 
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Following ligation the Kixtura was again cleaved with 
Bas&HX to eliminate these G-pH.aS tsolecules that had si»ply 
reel regularized. Transfoxraants were obtained in CS00r t .^i>) 
se lectin for Scan&nyein res istanee . The trattsferntajits were 
screened by size d e t e m rrs stisn of isrjeieaved SifA on agarose 
gel as described above for characterization of the KFIF- 
related reeoabinajw. pla&rsids. CIor.es which proved slightly 
lara-er tftan the G-pPtaB parent were further subjected to 
restriction analysis with either ist I or Si ne II - One clone 
was found which contained a single FstX site and three Hindi 
sites. On* fragment coaigrated with a Hin di fragment Sroa 
p?LaS derived frora the ?, to the j-laetsasase region. Awother 
small fragment measured about <8C base pairs, consistent with 
insertion of the BglXX fr«s»ent into G-pPLaS i» the sense 
orientation with respect to the promoter. This piasstid 
was designated C-pPX.a~8FXF-61- 1 2 . The steps u.-sed in the 
construction of this plasaid are shown a cheat*; ..cally in 
Fig. 5. A store detailed isap of this plasaid in shewn in 
fig. Ji. The size of the plasraid i-4450 base pairs) was 
estimated hy the size of its constituent f rao.*-mt-s, 
which Aft tars had been estimated by their relative mobility 
upon electrophoresis in agarose gels, 

t. co\i KUiKI and M5219 were then v.ransf erased with 
the characterized piasr.id G~pFLa~HftF -67-12 . 

Inspection of the known nucleotide sticaeisce around 
the gdXt/ SanH l faction in C~p?La-RFI?-S7-i2 revealed an 
interesting feature. Predictably, a polypeptide initiated 
at the AOS c£ the s -lactamase cene will terminate on a double 
aisber codon within the sin trans la ted S*-end of she HFIF cene , 
as cioaed in pJi.a-KFIF-67-12 , at 23 nucleotides before the 
initiating AUG. The predicted sequence &ro«r-d the fusion 
point reads: 
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& Junction 

plj &er.si/Bgi:i 

CCC - CCG . « tC . ?TC . A<57 . TTC . S6A, . CGC - AAC . CTT . T CG . AAG - "CT . 7T5 - CTC. 



?SG . CAC.AAC.AGS - TAG . TAG GCGACACrGTTCGTGTTSTCAAC AUG — -HFIF 
7r p ~ Hi s -As r: - Ar ; ats ceding 



The boxed figure refers to the nwiber cf the mino acid 
residue in the s-iaotanasa prcteir. of pSa322 fj, Sutcliffe, 
sacra } . The asterisk !*) indicates that the CC7 coSon present 
at this position on eSR322 was changed to CCC as a consequence 
of the conversion of the PstI sit* in pFLa23il ts a SegKI sive 
is p?LaS isee above i . 

This con* ignr&cien opens the interesting possibility 
of reinitiation at the &T1T ACS, Sseh internal reinitiation 
following premature tsrminatio.1 has been observed in the 
repressor gene of the £. cell lactose cperou !?• Piatt tit ai. 
"Jranslational Restarts; AUG Reinitiation Of A lac Repressor 
Fragment' ?roc. Katl, Acad. Sca. ; U.S.A. «9, 597-801 (1972)). 

3 - C ontraction Of Plea^a 0-t>?t a ~K?2f-€7-12^& 

Froa the Known sequence of pSR322 and the K?IF 
gene it can fee deduced that deletion frets «- pPta-KFi:— 67-iS 
of the sir* 11 .Hindi fragment (from within 5~iacta_~!«se up to 
Just in front of the BfX? initiating AC3) results in a cos- 
tiswous trarislationai reading frar.e starting *t the AUG e£ 
S-iactansase and terminating at the UGA of the I'.Tt r esne. 
This sequtnee is predicted to cede for a polypeptide con- 
sisting cf 82 aisino acid residues frors the £-lacte.-5sse gene, 
one araino acid coded at the fused Kind; site, end fallowed 
by the complete nTIF-gsne-spacif isd polypeptide . The pre- 
dicted sequence around the Hindi junction point is given 
below. 
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[371 

£-lactajKase jsoieny-— • «AC . AUG 



KfZF coding region 



The boxed figure refers" to the nuaiser c£ the axair.o acid 
residisa in the * -lactamase prctair. of p£&332 {«. Sutcli£fe» 

«»p»A.3-HriF-67-12 BHA was partially dicested v; j th 
Hir.cH . renewing ligation at a DUA concentration of shoct 
5.01 u»/al, the 0N'A was cleaved «ith XorSI, *« Sse-schicower 
of rwl producir.9 3" protruding ends (a. Wang er al, , 
Sic-rin. Bi yshys . >. s ta , in press) , and reiigated at low &«A 
concentration. Parent G-p?La-HFIF~&?-l2 contains tvo Xgr'II 
sitess oris site inactivates the kanamyein gene an 5 the other 
or* is located Ik the Hin di fragment to be deleted frott the 
plcsrtid. The purpose e£ the Xar lS diges tian~rei £ ga cior. step 
is to eliain&ce parent OSS. raolecu2.es not cleaved by the Hin di 
antj"-*. Such molecules possess two XorIX sites and under 
co:;c.itiafss used for ligation, two fragments ere highly unlikely 
to be rejoined. Transforssants were obtained in CSGOr^ja* { X} 
selecting for *ana»ycin and screened by restriction analysis 
for the presence of a siocle f vul site, farther analysis of 
candidates was performed using Hin di digestion. Oae clone 
missing the scaliest Hindi fraaraent but otherwise identical 
to C-p?La-HFI?-67-i2 was withheld and . desiajvated G~p?l.3~HFXF«* 
6?~I2iI9. 7he steps used in the construc-ion of this plaswd 
are shews schematically in Fig. 9. A taore detailed sap ox 
this plasisid is shown, in Fig. ij. The aise of the pi a staid 
(-4C50 base pairs} was estimated by totaling the sj.se o£ its 
constituent £ ra^nents > which in turn have been estimated by 
their relative mobility upon electrophoresis in agarose gals, 

"Qlf KUiKJ and were then transformed with the 

characterised pia«ai<» G-pPLa-HFIF-67 -1 2ii 9 » 
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Plasrdd G-j;?lc2i or:er» aacchsr possibility fcr 
i«s«rtio« of K?If sentences is such a way th.sc a fusion 
polypeptide can potentially fee systba-Siaed. Xr.sarUor, of the 
Bsi:i freest fros 5-??t*-S?ir-S7-:2 ir. ai« *ite of 

G-p?Le24 results in a ccv:i,v~esus reading frajre coding for 93 
aaino acid residues frc- the iS2 replicase gene {«. Fiers 
et at.. "Cr;r,pl«te NacXancids Steguenea Of Bacteriophage 
RSA* Priaary And Spctndsry Strcct^re Of the Replicas* Gene* 
Katuge , 250, 5 00-507 {1576}), 27 anin© acids ceded hy se- 
quences betveen th«s S£irX site and the initiating ACS of 
HTXr« followed by the ccrplete HFXF gene-specified pc-Xypej*ci.de. 
The predicted sequence aroxcd the SasH S/ feet lS fusion point is 
shavnx fcelcv, 

EE 

HS2 replicssa ceiety —rGG . 3&r . CT? . ZXS . rr?. CSG.«GG. CAA . CCT. 

Txp-A s p- L s a - G in - ?f-« - n r ••? *■ A r g- J* in - P r o - 

TTC . <GCC- *T7 „ OCT .CTS.SCA. CM . . STA „ GTA ♦G.'C. SAC . , ST7 » 



CGr.GT* .GTC.;j,C..*>U5 *™- H~l? ceding region 
Arg - VsX -Va 1-Ab si- Met 

The iiaxtsd Si^ur* reiexs to ths nvutber of the .>nina &;ic resi- 
due in the l-'S2 replicasfe g«r.e protein (R. X>svct e-K a! . , stpra; 
M - fet al., supra) , 

Q-p.?ia-H~n-e?-i2 s:a was digested \?lth SgXII ar.d 
ligated with ~. I ** ~ X *s & v a ci p?ic24 o:JA. The ligation fixture 
was recut with gsg Hl to ellcdnate parental pPl.;.24 itoiecsiles 
and transferred into C€tC<rl~C J selecting fcr resistance to 
csxoenicillir.. Trees fcrriants vera analysed Jcy restriction 
wit " Sl2C*J. iscc the vrr.cvn position* of restriction sites 
or. p?Ic24 one can predict that insertion of th-i 3clII~H~IF 
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fragment ir. the ser-se cri&atatioa with respect to 1^ should 
prepare an extra Kind J frair.ent cf e&ost 530 has* pa~r«s. A 
representative clor.e ejthifeitir.s this coniiguratien was oesig 
nat«2 prtc-H?I~~S?-6. The steps uses in the conssrsctica «£ 
thxs plasma, are shoan sihsr.aitijsiiy in rig. 10, A. rr.ora de- 
tailed Zit this ?iasr.id is afccvn in Fig. 13. The site of 
the pies-iS {• 3?S0 base pairs; was «stisatedl by totaling the 
8*88 of its const ituar.t frs~.9r.-iB, which in tsrr, had heer. 
sssti^stei by thsir ra2.ati.va debility upon elsctrcphore? i s 
in agarose gals, I. call r.:2i:-H and :■;=;! 19 vers then trans- 
tazB*d with tfta ehsratterizac plasixia «~p?La-Kri?~S?«8. 
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A- Preparation of -U-srial Extracts 

An aliquot :*;?- stock cultures ;f rorcr. at -S0 S C in 
50 i slyeerol - 50 * £S" medium}, including those of strains 
KX2iHI and transferred wi«h &ny of the plassids con- 

taining the HXI? 5«rb as described above, was inoculated ir.nc 
fxfesh LS rsadiuai with the desired antibiotic and crcvti to sat- 
uration at 28 *C. Two SOG si batches of 13 p.ediitt vithout anti- 
biotic were inceulated with 1 -.1 east; cf saturated cei;s ar.d 
grown with rigorous shaking to 28 *C to e cell density of 
2 x 10 s Mi' One batch was shifted to 42*2 as* continued to 
be shaken. Depending on the plssr.id used the culture vss 
harvested at various tirtss after the shift to J2*C. the cor.tr;-. I 
culture regaining at 2S°C was harvested at th' s&^e tirie as the 
<;'C culture. Cells were collected hy centrif: 'tstior; in the 
rotor (Sorvall) at 8C00 rye for 10 ninutes. *: >t pellets vers 
vasfced ir. 20 isl of SO r-M Tris HC1 pH 7.4, 30 :3 K*Ci and 
reeelleted in the SS24 rotor (Sorvail) for 1C Minutes at 
20,000 rpa. The pellet v*s quickly frozen in try ice~r.etha.no I 
and stored at ~&0"C. Khen it was desired to onxotically 
shock the harvested ceils the freezing step «j» c»itt«d. 

Two differ ant procedures for lysis ;»d extraction i 
of the bacteria hare been used. 

2 - Sxtreetier. ?rccs dvsr *s 

Cells were rascsper.dea in a final vciur.e of -5 *J 
of the above described buffer and Xysezys* (Stcr.&) was added 
to 1 ir.s/r.i . The intubation '-as for 30 jtin at £>"C. 
The austsii.sioa underwent tvo frea^e-thav cycles by sequen- 
tial dipping in an ethanul-CO js4.xv.jre »-5C*C) and a 2? 8 C 
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wacex bash. "h« S-100 fraction was prepared fc;/ uStrissstri- 
fugstioa si the iygfic bactsri* ii «1> is « Becrfcaan SVS-3- -i- 
raisr for i hr at S~,O0O rpss *ni 4"C, after vhish r-ptr ■ 
nit -sr. t ■ was f «r thar used. 

Lysis 3 was p»rf»tr.8d as described aSKsva f lysis «\: 
except that the sclutier. of 30 r»4 Tris~KCl pH S.C, S3; r-Ji 
HiCl was replaces by BO sW Hepes iSirxsi -JJaGH, pS 7.3, 33 
NaCl, 2 seSi S-!tercapte-«5har»ol a»d 3 5 Rswbctra calf serurs 

Osmotic: She 

Irsaeaiately after harvesting and v&shir.c., ■she csli- 
peilet "as resyspended in 20 % sasros* » ICO ei. SS3». loo r>: 
Tris SCI pa 7.4 at a BsaKioal cell density of st J0"~Vr.l> 
The suspension was kept sa ice for 10 j&inutes ;r.s that cer- 
trifaged for lo aiirctes at 10,000 rp~ i» the j:;rvall SS3< 
rorcr. Ihe sucrose solution was carefully era: ec ire::- tne 
tube araS th« pellet was re.s»ssenied in an vc.i-c~« ci 

water (ceil a«r.sity of I x lo 1C /»l} . The xe«s»=;enae£ cells 
r«saine5 on ic« for 10 r.ia and war* tfcaa 59»if- subiiccec to 
a c«Acrif\J5«tio» at 10,000 rps *sr 10 ainutes '.fi tr.e s»?i 
rotor (Scrvall) - The s-oparnatant was xaS* 3 * .« featai ?al£ 
server., 50 sstt in K2PES buffer pH ?, 32 -M ir. an 5 3 i~ 

6-nar captee tha»el . This supernatant: is re ferret: to ss 
"osmotic shock supernatant". It was stored &~ i»*C. 

3 - &ggon»:as, .Sulfate Precipice rion 

1 al of sr. fSK^ijSO, solution, saturated at 
terperature, was aided ts 0.5 al of .ear.trei so j -tie.-, or *n 
S-100 extract. This fixture was x«{»ten ice for r: least 30 r.ir., 
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after which the procipitxt* vas pal lasted is en Sppar.dorf 
centrifuge for 10 rain at re as eeaperatere. The pellet was 
recfiBsclvsd in ?SS -phosphate buffers^ saline!. 

Xsterfaren Tl^ticns 

Hassan fibre-blast InterJsrsn vss assayed in r„ier^- 
titer trays {Sterilia} by a CPS (cyio?*thic effect) -inhibi- 
tion tpchrsisue ir» hwsar. fibroblasts trisc=ic for chrcr.sscr.a 
21. The cells vers seeded ana day before use, i^c^ite-i viti? 
serial dilutions {los,^ * O.SJ of the sample for 24 bra ar.i 
eha.ller.9ed with vesicular stomatitis virtxs (Indiana strair.J « 
lo"" 3 dilutions of a stock conaaiaing 1Q 6 * S itcyse C~32? pla- 
gue f6rci»« units/ni. The c?2 was recorded at. 24 h after 
challenge and the interfere* endpsir.t was defined as the 
sample dilution causing 504 redaction of viral C?£. ill 
assays inciucsd an ir.;sr.-.al standard of H?I? which vas is- 
ssl£ calibrated agaii <t the UZH hear, fibroblast reference 
G0i'2-?O:-5 27. 

The cell li-ss trisoaic for chrsnostKae 21 (h%r.ce~ 
forth referred to as 7 2 ,> was derived from a skin bicpsy o£ & 
fer.ale patient with t.wn's syndrome. Its karyotype, has been 
established and ssbasd diploid? for all chro-.osnr.es ex -apt 
for ehrcrsososs* 21 itr:.3s.~ie; . The sensitivity of this cell 
line to interferon appaars to be cs-pirable to the sensiti- 
vity of cell lines tr; satxic fox chxcr.os«ae 21 described by 
E- Be Clexcg «t si., "-Jon-antiviral Activities of Insarfers:-;i 
Are Sot Controlled Sy Chror.asone 21*. Sascre , 2S€, pp. 152- 
134 US75) ar.d £. D« •: lerr^ et si., "Chro»osc»e 21 Coajs ::©s 
Cess For J.r. interfere- Receptor", "a tars » 26*. 2<S~2S1 
» 

In othar assays the cell line S.SM {A. Bliiiau at 
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a.1, r *R\sa» Fibres!* st Interferon Fcr Clinical Trials ; Pro- 
duction, ?*rti.&i Purific*ticn And Characterisation* , Anti- 
nicrci?!*;. A ? cr.ts Ar.c Cherotheracy , li , 49-55 ^ bsan 

uss:«S. T^.-s ceil li~s is s diploid fibroblast disonic for 
chrejr,csc.T-e 21 ar-.i cerivad frsa a twc-sxmth-ols h-air. fostws. 
Ccsp&reS to the T^, cell iine, Z^SH is less sensitive to 
HFIF by a factor c£ 10. 

2 - ? r-~" Synth etase Assay 

Another .recited cf detactir.^ the presence cf inter- 
feron is by the use cf 4 synthetase assay. It has seen 
shewn that inter f eron incite as this enajpe » which eeaverts ATP 
into cri.-ers (end to a lesser exier.t dinars, tetr&Mers and 
ffiultiners) of I,3-A U. Xi.tthi et al, , "Xineti.cs Of Che In- 
duction c; Three Tr*n*iation«a»gularory £n«ysea By inter- 
feron* ♦ Proa. Natl. Acad, Sti. r.S.A. , 76, 520: -3212 (1373;. 

Confluent 25 ca^ fiasScs ccr.tair.ing ci i teres ef 
EjE;-: cells {A. Biliiau et al ■ , surra) ware tre: ;ed fox 20 h 
with a 1*6 dilusicn of bacterial extracts or c::itrci inter- 
feron in t'SX, 10 5 fetal calf serura. The calt.res vers de- 
tached with trypsin (3.25 ii, EDTA {0.1? %) ani extensively 
washed with 140 r.M KaCl in 35 aM Tris buffer (tU 7. Si. All 
subsequent operations were carried out fit 4'C. Cells were 
hcitogertised in 1.5-2.0 volur.es of 20 cm Hapas buffer (j>x 7.4) 
containing 10 rr^ KCi , i.S .»;•* r.agr.esit^r. acetate &rid S.S itiS 
ditniothreitoi {"lysis buffer I"> in & Dsunce ft lass hc~oca:>.~ 
iser. The he-cogenete vas centric ucec for 20 si;..-, at 10,000 
x c »nd eh* supernatant IS 10} stored in iicuic -.itrogsn when 
not uses ircr.ediateiy. 

e 

Confluent ?o— »ell aicrotiter plates ;,.0 ceils in 
0.2 »■ per 0.28 c=t J wclli were treated with interferon or 
bacterial extracts as ahove. After 20 h tre.atr.«r,t „ pletss 
were cooled on ice ana washed three tir.es wish ..40 r& ?SaCI 
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in 35 srt ?rls buffer ;?H 7,5), Th& suiter** w«rs ther. lysad 
by adding to each well 5 a sf a solatics ceBtaiftitt? 0.5 * 
Noaldst P. 40 ana i -«'■! pherylrasthaiis sclfoayl flusride {?MS~5 
ir. lysis buff ax- I. ,'.itsr shs.'ting vi?sareu»iy fsr 20 "i* on 
ice she cell lysat»s were csXXsctsd asi csr.triSased £s* 23 
Kir. at 10,202 :< £ as aiove. 

3,5 pi of iysat* pr spar ad as indicated above {ly- 
sis A or :v-sis 3} ware incubated for 2 h at 31 *C in 6 -.1 Oi 
an incui>3Sio« aixtwre can sailing 100 sa pot*ssinaa acetate, 
25. ruM aagr.esiun acetate, 10 z» Kepes/KSH, pH 7.4, Sr."-: J»«?P, 
4 n.M fructose i,$ Ms -phosphate, 1 stf dishiothreitoX ar.d 
2S -,9/r.i polya? .pciyCC} ard 2 ssCi c* lyop&tlXied {s~ 32 ?j- 
AT? (4 SO Ci/tccol, fres the «a3it>ch6.-aicai Csntrs, Aaershas.. 
U.K.). After stsppir.y the reaction by h«ati«s for 3 stir* at 
S5*C followed by a clarification for 2 a£a at »,CC0 x £, the 
samples wer-s craetac with 120 ct alkaline phitsphatassr 

Srcss calf i-testine ; ; . shr ingcr » JSar.r.heia. cat. r.r. 4C5S12) 
fcr one fcour at 17 *C, ilariiiad again and spotted 11 pat 
sar-.oie) or, chin layer .iatss of pclyaehy X«n*irsiti«~ee I Xvilose 
ffoiygsare, oel 300 ?£.: 26 x 20 ess frcct J'.achereyKaeel Co. * 
Curan, SerzarsyJ . The - Xas.es were vashed two ti~as in 2 1 
of distilled water ar.«» dried «r,der vacuus before eh-neaso- 
eraphy in 1 M acetic i..;id fcr J-3 h. After drying they were 
sabr.itted c» aatcradic ;r»p:-,\' for i-I4 h, 

c - r»acectio- Cf g?:r tttiyftv In Bacterial Extracts 

*• Cg"trol £>;s>ari - it;ts 

^ Kain pre: ia^a resulted frcrs the ass of these 
extraction procedures ;,-,d are inpcrtaf.c for the interpreta- 
tion cf the data. The iact*rial extracts respiting £ror. 
lysis fey ciffarer.t procedures . as described, have b«en shown 
to ccntain a faster which is active in the anti-viral assay. 
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£ithar the factor itself ssv be an anti-viral ajent, or it 

induce an anti-viral safcstar.ee, a. 9. , interferon. ThteSe 
activities have ibesn detected receateSIy in the Si 00 extracts 
jjjjd were often higher is extracts £r©» C. coll SSiOi thin in 
«iffii*r extracts of the Xi2AH£ or «52l9 host bacteria, al- 
tno-vi?" this say be an effect of mil density, tn control 
extracts of Rl2iHX or H521S, they never rested values high- 
er than 0.7 l©g >c /al. This activity was reduced or sc-J-stises 
ever- eliminated totally by precipitation with (NB/KSQ,, un- 
d&r conditions which precipitated interferon in control ex- 
periments. Due to this contamioating activity, it is diffi- 
cult to slrsw conclusions on the presence of trace awouftts 
of interferon in bacterial extracts. However, it is possible 
ic diserissinat* between bacterial activity artd interferon 
activity fey the use of the diploid fibroblasts E,»i. These 
cells have bean shown to he less sensitive to H"XT than the 
usual cells trisosaic for chroaosorae 21. But the contaminating 
bacterial activity, in contract to bona fide interferon, gives 
extremely high values an £j *H ceils. Using pYSl~7 {R. 3Jevos et tl. 
•Construction And Character isatioa Of A Plasraid containing 
K Kearly Fuii-sise CNA Cop; of Bacteriophage HSZ SNA*, -Jj. 
tel. Siol;, 128, 5S&-6IS <1P'3!5 in S. eoll HSIOi IH. Sever 
and c. *i«aland~0ussoix , *A Oontplementation Analysis Of Res- 
tries .0;. Ana Modification Of DJ« In Escherichia coy " , 

51o 1. 41, 459-472 {ISfvH or K124K2-G-»?L»23ii as control 
lysates, data era shown in the following table, with anti- 
viral activity measured as : ag 0 units/ml. 

HBl0i~i*SS2-? (lysis h} 
HS10i-pHS2-7 {lysis B, t 'no" 

S-iR«r capto ; shaaoi 

and no oalJ serum} 
HSl0i-fSS2-7 (Ivsis B} 
H8101-pi:S2-7 f lysis Bj 
KBJCU- ? .".32~? U.VSAS S? 



*2i 

0,7 

<0.2 



1.2 



not acre 
0.2 
0,7 



0.7 
1.0 
2.S 
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T 21 E J SM 

Kl2«K2«0~p?U2311 ! lysis B) 6.2 4.0 

Ki;2is8J~5-p?ta231i U2*C} osantic 0.5 >i.7 

sr.&cSattsJ 

The presence of interferon is reflected by a differert 

ratio of values on T^sE^SM and a high value on T^. 
is shown with the fallowing data; 



'21 



oscetie 
shock 
superna- 
tant 

lysis B 
ax tar 
(iTH.J.S*. 
precipita- 

t±»B 



Kl2t8S-G-pFLa23U U2 s Ci 1.5 2.5 

+ HFIr 

'HB1C1-OMS2-? 0.1 2.5 

H8101-t>MS2-7 + 8FZF (added 2.7 2.5 
before lysis! 



Fox: she extractions made £ro» E. coll , either KliatiX or 115219 
containing t»e expression plasaids G-pFLa-HFI?-S7-i 2 , 
C-j>^-H?rF-67-12il9 or 6-p?l«-HFIJ , ~67-S , the extracts were 
not highly concentrated (for example < cells £ror< 153 si cul- 
ture at & x 10^ eells/fcl were lyssd and extracted in 4 53.13 
so that there was only a low or undetectable level of this 
bacterial interference . 

?he bacterial interference has else been shown to 
Sse detectable in the 2, 5-A synthetase activity. Here '"it car, 
be eliminated completely by precipitation with {m^^&O^ as 
described above. lr. tl>i* way the presence of HFIF, precipi- 
tating tw.der these conditions, can be detected in this ex- 
tract. Mso, extracts fxoas H3301/G~p8K322(Pst5HriF~S, which 
«as en incomplete coUneer coding sequence (only the last few 
base pairs are csissingS »nd is thus unable to give -the mature 
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polypeptide, has vepsazz&ly .yielded a 2»S-A synthetase ac- 
tivity, hat so far no discernible anti-viral activity. 
This indicates that the 2, 5-A assay earasr b& regarded as the 
oily criterion for th& presence of a bactsria-jaada irster~ 
f eron . • 2,5-?. synthetase activity is ateasured by incor- 
poration into the 2 , triiser as shown by autcr ad tosraphy. 

Results are shewn in ;n«- foliowino tahie, with Inrre&sirvg 

- 2 

positive values reflecting ir-rreased incorporation cf ?. 

«ctr&ct a/pHFTF-S -» ; after {KH^} ,50. preeisitaticn - -*•+ 

extract b/ji-SJ*? -* ; " -* - 

extract b/ri>S2-7 - *+- " - +•* 

plus SiFXP 



repeated 



A second iBspartant problem is the lev recovery c£ 
KFXF secreted by human fibroblasts during and after diffe- 
rent e.vperisrsental steps, h comparison of the recoveries of 
letccoyte interferon and fibroblast interferon added to an 
S-10G extract shows that KFIF is recovered only with 10% 
efficiency, in contrast to husr.an leucocyte IF i ICaT;.; {anti- 
viral values are «ive» as units/sal* assayed ers 
T 2> ceils). 

LetT dilated in S~2CC-e\-trac-t of miOl-p-BZ"! {lysis A) 2,5 
leTT diluted in E->£M plus 31 coif s&rvrn 2.7 

diluted in S-KO-ejar^ct of lSl0i-sr-S3-7 £ lysis A} 0.7 
KrlT dilused in S-jSET'.-pIia; 3* calf serxsn 1.7 

Other experiments where HFIT was added to the 
cell pellet before lysis and extraction »>ven with calf 
ser-i- added to 3* as a stabiliser) showed that o:;ly 10-30% 
RF*F was recovered. 
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Bepes T 2l i\S>; 

IS8iOl~pMS2~? (lysis B. fc-it WS S-saar- pB 2 0.7 {1015 1.7 

plus KF1? caatcor^-.ci car C&ii 7 1.0(20*. ; 1.7 

ssksr,} pi 6 C.7?iO%; i." 

HFTF (ssjtss twesaowat as in pti 7 1.7 {50%) 1.5 

fo© isasssria) lysis s; . ,, 



F>:r-char experiments ware carried out to zest sta- 
bility and recovery of JiTI? activity. Precipitation with 
{MH 4 » 2 S0 4 as described above, either in the presents err ab- 
sence of bacterial extracts, often causes a redurtier. c£ 
tfce titer in the anti-viral assay, as shown below for sang* las 
both before ar.d after precipitation. 

1ct? is ^its^ 



before aftar 

HFXF 1-0 O.i 

H?XF 2-7 2.5 

* anr tty^.s bj i.s 1.2 

Klli«-G-o?tai311 C8*C:< »■ HTS? Qvsis B> 1-7 1.5 

K12^S-G-e?La2Jil {2S*C; * SiFXF {lysis B; 2-2 3.0 



Dialysis of .-rjf {overnight at 4*C against PBS) 
either in th» prea-ene* or in the absence of bacterial ex* 
tracts usually result*-: in a decreases recovery, as shown 
below for samples both before and after dialysis. 



before after 

KFIF it. PS3 ' " ' i.O 0.5 

HFTF in PSS 2.7 2.5 

Kl2iHI-G-snjsS C28»C> * -"J? {lysis 8) 1.2 <0.2 

X12JKI~G~??IaS * Km Q-,sis 3> 3.0 1.7 

KlSiHJ~G-p?.US + «5TF tt-.ais 8) 2.2 1.0 

Xia-«i~3-??L«2 *■ HFIF (i-.sis 8) 1.5 o.s 



Since KFIF is i Type I interferon its activity 

shotid be acid-stable. This was tested by diaiyzias HTI.F 
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s&»plss ir. the presar.ee or sis sense oS csctsriai extracts, 
overnight, in S isM «iycir,*-3CI, pH 2.2, at 4*C- This tre*t- 
ssent caused sh* £©r»a ti.cn ©£ a precipitate, which was 
palletta* la the Eppeaaorf centrifuge at 12,003 X £ far 
2 »$>iji. Tfce supftrna^arii was then rested for »rsti~vi,ra.± »eti- 
vicy. Although scsse of the anti-viral activity repaired 
relieving this cre&isient, xhere w&s a iubstar.iiel loss in 
ti;e atsfisunw e£ ir.csi ;'<>*c?; recovered. 



befssre citer 
Xkl01~&&2~i {lysis A5 *• KTJF 0." 0.5 

-P?IA23U (28*0 cwrsotic shecSet* , 2 



!S2I5«G-pPLaS «2°C) (lysis SI - h~" 1,2 0.7 

}32i!Hi-jSia« tt&'Ci UysiS St * KTIF 3-D 2.0 



The reductions observed with these sii£f*r*nc 
treatments in the co itxal experiments aast fa« irttarpreted 
esstiously. The lowe=- &»ti-viral titers do not necessarily 
rr.esri -chat interferon :s desraefia. The 1 wared titers r-scy »© 
dee non-specific nicking to dialysis «e>sfcrases r-r to 
cosf.po»ea*s in the berterial extracts, e.g. ir-safarise cocsc- 
ner.ts. It is well eat:;fciishsd that HFIF is a fcyirophcbic 
protein (its hy3r©phCwicity is also substantiated by its 
afiino &aia sequence) >-hicb can afihare ncn-specificeily to 
esbs wails or ether :«ur faces . BACesriai KVXF , laskine gly- 
cosy lacier,, way be e»?» »©re hydrophobic. Therefore, con- 
clusions en the reee»«>ry of the glycosylated KPIF sesrecsd 
by httiaan cells »ay net necessarily he ex«r«j»I»t*ji.. to SF*r 
cf bacterial origin. 
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2. Sgitpr.str&tip- of ?S?iy Act ivity /ant:; -viral sctiv:.-" 
and 5,S cyntr«t:3gg activity) 
Bacterial extracts of E.coii «52i$ or Sl2i3X, cor.- 
tainin- the plascids C-pft,a-H.FX?-£"-lI, S~s»Pr*-KrXF -5? -il-li ? 
or G~p?I,c-HTI?~6?-S, were finely jci fcr KFXF activity. ?ne 
procedure* for induction and preparation of the S-100 ex- 
tracts end the osmotic -shack super n-arancs are as described 
above. ISC ml of bacterial culture (3-6 x 10* csiis/ta; vers 
used per sxperisssnt. AH biological titers are given m 
lcg, 0 units/al. 

G~p»La-Krir-6?~12 

C-»PLa-K~IF-6?-12 has bees tested In the two S.ccli 
strains $5219 ar.S. X12£KX and the S-100-extracts were pre- 
pared oy lysis 3. Ail samples were precipitated with 
i"KH 4 ),£0^ hefore test lor antiviral activity. 

? 2i C i" : 

ja2iHJ-C-f5>X^-KnF-6'?-; -t (28*CJ < 0.2 < 1,0 

K12iHr-G-pi?ta-^2F-57-:.> (42*C, 90 <ainl C.2/0.S < I.0/< 1.0 

h52is-o-paa-«n?-67-i:; (2»*o < 0.2 < 1,0 

^iS-S-^Ia-HrXF-**-!!" t«»c, SO ■ Q.7/&.7 < l.CA.l.! 

The second figure giv-ss the value determined on x»«s? ey of 
«he »aae sample. A similar control experiment with RTXF 
added to the bacterid lI310l-f»KS2-7 before lysis of the cells 
indicated a recovery :f 20*. It is clear that upon induction 
HFIF-astivity car. be .teteeted in the bacterial Xysate. Tt>** 
values , which are fcel :w the detection level in £,S:-i cells , snev 
clearly that the HFU -activity is not 6a« to a ceTvts~.in*tin$ 
bacterial activity. £ .oh a cont«.tia*ting bacterial activity 
should in fact five least 2.0 or. E^SSJ to allow v&luss of 
O.S or 0.7 on Tj^ eel is u«e central experiments afeavej . 
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Bcth of thess piaszdis were tested in the MS 21 9- 
strain and SXOC-caetracts were prepared by lysis 5. All 
sa,T.pi.4ss were precipitated with i&^JjSO, as deseriissiJ ar-rve 
and assayed for antiviral activity. The value batwiea 
brackets indicates the detacxien level, due to sok-s toxi- 
city c£ the particular sables for the bursar, calls ir. tissua 
euimre . 



ii) ;a2i>->pH<j-Enr-S"-iiaS m*C, SO jato, final cell ferity » 

3 st 10 S /ai) 

.i-..ti 5->o?Lc-;-~--s?-l; (28 *C} 

il.i; »S£l5~v-p?lc-:-^U : -57-8 {42*C, ISO ffiLn, fir^I <ssll density 

i) • C.S 2.2 {< 2.C) 

ii} 2.2 c.S} 2.2 2.05 

ill} - 0.5 2.2 -;< 2.0} 

J 2.2 (<■ O.S} 2.2 i< 2.0) 



A cor.trai eKperiaent s-.th HflF added to H8i51«j>KS2-1 bs£ora 
lysis «f the cells ia« icated a 30i recovery. Here th* hi?h 
values on T->, cslls sr.".? the ratio oi activity c.n T~. ^ over 
the one on S,S!-: indiec-ie that there was not a« import ar.t ccr»- 
tajainatlns ba-rterial activity {as discussed above! in the 
temperature indatad s&npltis. 

Farther evidence substantiating bacterial ex- 
pression c£ HFSF is gi-ea by antibody neutralisation experi- 
ments. The anti-ittterf nrcn antiserum was prodaceS ir. scats, 
issKwiied with 10* unius or sriF Ueeretad by iiutian fibro- 
blast cells!, purified c-n controlled pors glass beads 
(A. Eilliau et al, , sc:»ra ) . After samples were analysed 
for antiviral activity, serial dila- 
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tisr.s of the antis«rus were added, the mixtures '<ere in- 
cubated for I hr «i 3? f C, sad applied to hwsar. diploid 
fibroblasts T 7 j. and assayed for astlviral activity «s 
dsscribsri before. The degree of n^utraiiratior. by KFTF 
a»ttis*r«iri rassras frcsa Seospiete aas»tr*li ration) ^o ~ 

ino aautrslixation) « The valua between brackets indicates 
the approxiaat-a wtiseraa dilution for 50% rseiitraii2atior.. 



i; : s 2 : ?->??ic-;^---6 - ?-i <;;;"•;:, isc sir. ? vtush 

antiviral iruts/hl co t 

25 !S2i&-<>^La-8 



dilution oi 

io~ 3 
" icf 4 

20* S 



10 



io 



-7 



21 



2,2 loo. 

ceils; . 



(« e C, 180 is&n} to vhish HTI? (£rcr> 
h<3ran fibroblasts; was added oefore 
lysis (**ttcr> ssve 1.7 ias^ antiviral 

units on T 2i eeilsS . 



a? 



{2} 



~4 . 5 



Hriy has, in contrast to huK>ar. leucocyte inter- 
feron the vary unusual property that its activity is re- 
covered after boiling it? 1% SOS, 1 % S-asrcaptoetharscl, 
5 K area (Stewart , . Z . XI gt a ! . , Distinct Msieoui&r 
Species Of Human Interferon, R*suiress.«r.ts for Stabilisa- 
tion *nd Reactivation Of Ruffian Lsucocyts And Fibroblast 
Interfere:., J. Gen. Virol., 25, 3J?~331 t , although 

* i03% recovery usually is not obtains^. The bact«ri*l 
cells of ISO mi culture ware resuspandea in buffer for 
lysis B and in e^i-al volume of 2% SOS, 2% g-fr.ero*?tc>- 
ethaooi and 10 H araa was added, followed by boiling fsr 
2 sirs, after which tha S-100-fraooion was prepared. 



Board Assigned Page #2424 



a! ccrstrti : y±;:i9<~U-Ui~:-TT?-i'-U:lv CSX) 
b) szztxol : 2 io?. r wnits cf SiTXT diiswsf in lysi* 5 buffer 

ci :-^2I$-S-.wLc-:-n?-£"-S m'C, l&O rJjn, cell c&ieity - « x 10"/$0.h 



The assays were performs; eft T 2J ~eells. The value between 

brackets indieat.es the iimit ef deceetioa, due to in^rinsi 

to>;iri ty. 

before sislysis after cialysls 

a) .-1,5 • - « 1.5 

c5 2.2 f< 1.5} 2.0 {< 0.5) 

c) 3-0 ;< 2.0) 2.2 i< 1.5) 

The control exper leant showed a recovery of abaat iOl . 
There «as r.o detectibie valje in £,S?-> in parallel control 
lysstes. These data clearly show, that although enly about 
10% ci added HFJF is recovered in the control sxperir.eni, 
an antiviral activity could clearly be detected in th-s 
temperature induced Ks 2i S~£-~pPLe-isT2F-67-$~extr&ct after 
this severe traatiaer.c . K higher antiviral activity was 
fauna compared to the lysis B procedure, indicating a 
possible adherence to cell components • 

In another experissent the osaotic shock super- 
natant prepares as described above, was assayed on anti- 
viral activity. 

d) clzxzdI i SS219H&«e»a-KrEP-«>i3.ilS {23»C} 

el >H2i ~a~p?Lc-;--t?-5- -5 c:> c o s 

f) Ma2iS-0-?&ie~SnF-6?-8 H2'C, 150 «in, cell density » 6 x 10 ■ /mi;. 

The assays were performed en T-^-cells, The value between 
brackets indicates the Uaic of detection, 

g&3£2..>**e** * assay after ^I^SO^orectpi tation 
d) < 0.2 * 0.2 

ej < 0.2 < 0,2 

f) 1.3 i< 0.2) 0,7 (< 0,2! 
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The recovery of hFIF vas about lOi ia central e»:tsr Slants . 
The values cbtaisei '-nth the, t>s3»tic shock superssata.tts 
show that the teaperature-ifteueea JS52J 5-S~pPte-KFS ?- £ * -e- 
extract has an antiviral activity not present ir. «h& wan- 
indacsa secies, "he control lysates -Sic net show detec- 
table activity on £jSM. The saiJpl* til after preeipititt-er. 
with fh<R.),SO. hevin* 0.7 log , ^ISt* w*l e ai*Xyse£ tc j?S 2-2 
as described above ar.d shcve.2 no decrease of activity. This 
acid-stability is a peitxeul&r property of type I inter- 
ferons e.g. HFIF. 

"■he saas bacterial samples were tested with the 
assay tor 2*5 A synthetase, as aaecrifcea shove, with ^a-tt- 
titsr plates, except chat Kela cells were usai insteaa ot 
E^SSt cells. The foliawir.g samples vers tested t 

(&} ^215-S-cS»lc-i5nr~£7-8 J28*C5 (see abeweJ 

{£> M521S^pKc*-*iT!?-£7~S (42"C} ts&& 

The values, reflects. -«r the 2' 5 A svathetase activity, ir.ii- 
32 

cate the P-tadioac . :.vity incorporated -in the triaer fo~- : 
c£ 2'S A 

(jneasured SafEar F-isstrartlort 

covins 5 » £ tfis^jis km- 

1) nen treated cells 3342 can O cjct 

2! hacteriai extract •» : l§?2 cro -i-s'/C cp» 
dilution 1/6 

3) bacterial extract is) ; 6960 cpra 2£iS car. 

ailaticrv 1/i 

4) bacterial extract (e) 703? cprs 36SS cro 

+ KFST ta 1.5 i^,,u-sWira 

5) see 3 bat ifwi£sate3"'vi ih 3950 est <50S cpt. 

anti-STS* «stis*ryr.i 

6) see 4 hrt xrc«haM»3 xith 2SSO cat -362 cjrc 

i-.ti-:C : X : '-<:r:ttsar--;. 

?) ecatrci :ST2? C.3 log,,..5siss/sdl 4462 can 1120 

8} CKJtral 1 iccf:.ritts/.Tl 7550 c=r. 4233 err. 

9) central «TF 1.5 ics^.'.rsits/rl I351S cm 102*O ctt; 

ICSosatsoi 85*? 2 losr;^tt6s,'5a 23040 cat 21696 car, 
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Tha results on the 2*1 « syschst&s* activity show sh&s: the 
ossxofcic shock supernatant of the *fe»persture inaec&d :C2iS- 
C»pyx.c-HF27~£?-8 , which has antiviral activity tsas asove) 
is also inducing 2'S >, synthetase activity in contrast to 
the ncr.-indurei bacterial strain. This sonfiras the expsri- 
wentai dati> with antiviral activity. The decree of stiaiaia- 
ticn is equal to the activity of HFJF acfiea to tfcft control 
iysate iccrapare samples (3) and {<)}. Comparison with the 
ccncar.tratiois carve i samples {?) te (10} i shows that, 
ta'ting ir. sccoont the Silaticn, an activity of Icg.^ 1.7 
anits/JBl car. fce estiiaatao. in both samples S3) and £4} .which 
is compatible with the values in the direct antiviral assay 
i.e. 1.5 loo, & eaits for both samples. Also this experi- 
ment shows that the induced activity can be- neutralised by 
the anfci-HFI? antiserum, as is the case in tha antiviral 

The extracts (a} and (f) were also tssteii for anti- 
viral Activity on diff srent cell lines c£ feline, r*sr>.ey or 
ratbit origin. Thay ,„d net show any detectable aj.tivirel 
activity or. these eel; a; neither did authentic STip, -.ad* by 
fcusvan cells. Also nc activity was found e-n & fell.-a luna 
cell line which was sensitive to human leucocyte interferon". 
These results provide "urtner sabs tantiatian that the KPir 
produced by the bacteria exhibit* properties essentially 
icsr.ticai to those of ariF secreted by induces hur^n fibro- 
blast cells. 
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rygasv;^ ths yxsid asp Acrsvrir cf 



Fotv?"?r:: :-- jsspl^c nrxr a^tivit? 



wtosacrp n; :.:rr.^c; virs this isvs;;r;c;j 



The level sf production oi a protein is governed 
by three ssajcr f 3ct-_-r^ •. the ntaaher of espies cf its gene 
within she ceil, the e£&ei*nc>» with which those eer.e ccpiss 
are transcribed and the efficiency with which they are trans- 
lated . Efficiency of transcription and translation i which 
togesfce-r comprise expression! is in turn dependent, upon nu~ 
elective seqyer.ee* , nsraally situated ahead of the desired 
coding sequence, These nucleotide sequences or expression 
control sequences define, Inter alia/ the location at which 
RKA pciyoaresa interact* to initiate transcription %thtt 
protester sequence) *r.d at which ri&ososes bind and interact 
with the „»SttM, (the predact of transcription* to initiate 
translation. Sot ail such expression control sequences 
function with equal efficiency. It is thus of advantage to 
separate ths specific coding sequences for the desired 
protein £ro» their adjacent nucleotide sequences end fuse 
theia instead to ether Jsno">#n expression control sequences sc 
as tc favor higher levels of expression. This having been 
achieved, the newly engineered DXh fragment say be inserted 
into a higher copy nissher plastic" or « bacteriophage deriva- 
tive in order tc increase the number cf gene copies within 
the ceil and thereby further improve the yield cf expresses 
protein,. 

Several expression control sequences may be em- 
ployed as described ahove. These include the operator, 
preaoter and rit.-oso.te binding »r:d interaction sequer-ces 
(including sequences s^cn as the Shine -Dalgarno $ecye'.ces5 
of ths lactose c-percn cf £. eoli {"the lac systea*!, the 
corresponding sequences cf the tryptophan synthetase system 
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of S. cs li (**h«s t ro systcn K ;i , the jcajor operator ur.2 pre- 
*<iter rsjitns of prx«?s /■ {C t p. as describes a£c\»e and 0 a ? a ? , 
& control region of ril^sstous aiRCie-stxandad £.:<*.<-. ch^es, 
or ether sequences *hich control cae expression of s«r.es of 
proksryotic cr eukaryotic ceils and their viruses . Therefore 
tc- usprove the production cf a p-srtir-iar pciyr.e5ti.da i.i &r» 
appropriate tost, the gens coding ixr that polypeptide r-yy 
be prepared so before and removed frsw « rawaiinant SS* 
stoleciiie rleser to its former expression control serene* or 
under the control of ana of the *.Sove express ser. scr.tr si 
sequences . Such iaethoda arc known in the art. 

Other methods to ic.preve chfc efficiency of trans- 
lation iavclve Assertion of ches.icsi.ly or ea*yKaties.lly 
pr-tarsd oligonucleotides in front cf the initiating cod or.. 
By this procedure a sscre optimal priaary and seeor.dsry 
structure cf the rr.asBeng«r fu;A ear, ti> obtained. .More spe- 
cifically, the sequence can be «,o designed that the initiator, 
?>t-S coders occurs in ?. readily accessible position 'i.e., r.ct 
stits<c«d by secondary a iructur*) either at the tcp sf a hairpin 
or ia etber single-stranded regions . Also the p«3 icier, and 
s?r-*oce of the *f er«.ventioned 5hi««-s»lg«r»o segcest car. 
iik^ise be optiaitaC, The importance of the gene-rei struc- 
ture i folding) of the- .tsssetsger Riifc has been deceexststed 
t'B. iserentant and K. Tiers "Secondary Strsceure Of r.?UJ« And 
Efficiency Cf Transie-.ion Initiation", 3er.» , &, 1-12 CS3C) . 

Fwrther ir.crseses in the cellular yield of the 
desired p redacts d«?&:sf ypen an increase in the i-.tr^tr cf 
oer.es that, can he uti.iz&ii in the cell. This «ay j»e achieved 
by insertion of the KriF gene. {with or withes* t its trasicy:p~ 
tion and translation iiantrcl eleae'ntsj - : ' «h ever, higher copy 
ivcahar pl»3Ciid or in s temperature-controlled copy r.usber 
plas.tie CI.*,, a plastic vhieh carries a au tat ion such chat 
the copy naaber of th<j pisstid increases odter shifting up 
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the tereperatui-ej S. Uhlin ax si. *? la said* With •rertperaters- 
sat>ar.sent Copy Kissber Far Sspiification Of Cloned C-sr.es «ad 
their f redacts", C-^.-e , 5, SI-1C6 {1973}} . Aicetaatively, *n 
increase in cene dosage can be achieved for sxansls by las* r- 
tion of rescr.binant DKA nclesule* engineered in the way 
described previously into the reru,erate bacteriophage 5.. aast 
sxjsply by digestion of tsa plasaid with a restriction *nrycs, 
to §iva a linear jsoiseale which is then xixed with a, restriewsd 
phage >. cloning vehicle (e.g.* of the type describe* by it. £. 
Murray at al : . *Lax&£.oli Saages that- Simplify The Xecovery 
Gf In Vitro Rseoabir.snts*, K5i r::; ga^ :r i ];: 3 a ra t. 350, S3-€l U9~T} 
and S. £- Murray at. a I. ., "Molecular Cler/tcg Of The CSA ligase 
<3ewe Frew Bacteriophage t4", J. Mol ■ 5joU , 132, 
C1S7S) and the raoorsteinani D£* tsolecule produced by incuba- 
tion with QUA ligasa, The desired recombinant pnage is than 
selected as before and used to lyscgenise a host strain of 

Partieularly useful 1 cloning vebit '.as contain 2. 
tssnparatsire-ssasitive siu cation in the represr „?» gene ci £r>d 
suppressible jautatiens in gene 5, the product s£ which is 
necessary for lysis of the host cell, and g«r,-.» E, the product 
which is the «ajor caps id protein of the viru* < With this 
system the lysogenic cells are grown at a relatively low 
temperature (e.$., 2$*-32*C) and then heated -5 a higr.ar 
temperature {e.g., 4C*~<5*C} to induce excision of the pro- 
phage. Prolonged growth at ni£»r/ leaSs* to" nx^S . levels of 
production of the protein, which is retained ulthin th« 
ceils, sir.se these are not lysed toy phage ger.i products in 
the nerval way, and sines the phage genes inset t is r.ot 
encapsidatea it regains available for further transcription. 
Ar-iixaiai lysis of the cells? then releases t.-e desired 
product ir. high yield. As in this application we ts ■.••>. also 
used the 5. repressor systes to control expression, it tt<ay 
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Jsa necessary te tdstrol the aasisicn ef the prerh&r* «r.d 
hsrce cn* 5«as expy nisr.ier by s hesersfswine crcr.tr ol res; sr., 
e.g.. derived frcn the iasfcdcid pftas* 21. 

It snouid be under stead that polypeptides dis- 
playing fi?I? activity ;?r«par«d in acecrdane* wit:, this 
iaver. ti.cn; may is prepared in the font ef a fused tf„-3teir. 
{e.g., Hisked to s prcksryotic; N- terminal sesrsent direrttn? 
excretion} , or in the "fbrs s£ proiataxferos {e»s>., it&rtir.? 
with the interferon tigr.&i see^enca which csuid be cleaved 
off upon eKcretiot; cr as rsassr* interferon (the is.cter is 
feasible besaase »et*re fikre&last interferon starts 
r.ethioRise , ar. assise eeid used fcr initiation of translation) . 

yifcld of these different forr.s Cf polyester id* My be 
improved by any cr a eos&ination of the procedures o~3C~ssed 
&fco\»*. Also different ccdcas for scae or ail at th* csdor.s 
used is the present OX?, sequences could be s...>sti t-.sted. 
These substituted codons »ay cede for- asino .-,:ids identical 
to titoae ceded for by the codons replaced t>f. result in. 
higher yield of the polypeptide.. Aiterneti*. • ly , the re pi a ra- 
ises t of one or a eoiabinatiot, Of cosoas lead is j tc asrsino acid 
replacement or to * longer or shorter HFI ?»h ■ lated polype?" 
tide mey alter its preparties in a useful vs* (e.g.. increase 
tfte stability, increase the solubility, increase th* anti- 
viral activity, increase the 2,S-.« syr.thetass. activity or 
increase the host specificity range) • 

Finally, the activity cf the polypeptides ptoiucaa 
by the reccxsinant CXA Boiecules of this isvjntxc.i stay be 
improved ty frsstr.sntir.t , notifying or dar iva:t2ir.c -he C-Sfc 
*e$oenees or polypeptides cf this ir.v«r.tisn veil-knevr. 
tasans, vithotit departing tree, she sespa cf this invention. 
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£.-5 rsctriisEr.t O".^ rclax-wlss 
pxft?ar«d by t.ts process** des-xribsi herein ars e:;*-=liii«3 
fcy crtlttres sspssi-sc i* tha euittra cc He- tier. Z&-iz.tszZ* 
S&ttr.! -.in j von ;s>.xc»r?«r,isr. in &ai;ti:>?er., Kast C&r.T.ar.y on 
*sril 2, i5er.tifi.ed as ~n~-A to C: 







CSli 






B: 




crli 




?o-?s?.:22 ;?st: /H:rX?6! 


c- 




C3li- 







These 5'iit«r«B vers asex.rr.ec *>*c*sr^cn tixxbers 5>SH 17 c: 
2703, ras?eetivsl:->. Th*y *re aiss essr.rlilis* fcy 
r-lt-xrss tfitcsited in tr ; a ealtsre cxllactie:* Dsutsxh* 
$AXStiur.? Voa MUtroorf irisr-. is Gextiacsr., '-lest Csrr «..-/■• 









itsttifisd as STi7~~ tr Ss 


D: 


r. 


•r-.ii 




Ei 


E. 




ki2^h: ;c-r.?.Ui-Kri~- £•>::! 


F; 


E. 




; ^> - 1 ? :.. s - h r : i : ~ s ? ~ : w : ? 


«; 


£. 







"hesi ev.ltcras vare i.scsijned accession n«x£>e.rs 
1854, r i .sps <tt i v e iy . 

While ve :-.».ve fcsxeir. t«5sre prassntsd c tutier 
c£ ericiiraar.ts of t'-._5 isvejitiom it is attare.tt v.-iv 
enax basic construct* an can fee altcrss tc p-cvir.-s s>t:-:*x 
e;-.b54i.-.sr.ts vhish uti-lixe the prcssssss anf. cxx^ssi.-iicss 
of this iRv«R-cix>« . Therefore, it will b* appreci-s-tsi 
that the seess of t:;is isveatior. is ** fa« Sefin*5 i>y tha 
cis.in.s sppsndec fcarsnc rather than the sjstcitis eti=ii~ 
rssr.ts which have beer srsss.ites hsreir, bsfere fey csf 
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2. A xecesfcinsat BKA cclac-.ie character*: si 
by «, j»tructwr«I selects* frsr the -rs-p: ccrtri-.: r.* 

the r;.« i-s-sr-s o£ c-pH?.322{?sc)/sr:r3» c-pss3aa:?st!/ 

5 HFJTS sx jiE^322(?«}/SFI?/. SSA sespxersces which hybridise 
to any c£ che f<sr#?cir.g t*;A icserts . er OKA se-*vt«he*s. 
fro» whenever scarce aszs.ir.ti, iacityiing natural, syr.th*- 
tic. Oi- se:^ -synthetic sources, reltte-i hy sssencs, 
irxXucir.? sir.gi* or aaltipXa, base sx&stitxtisr.s, tie la - 
10 ticT.s, inser-icns invereistas, to any cf — ir s? 
CKA serialises or inserts ♦ 

2. A reccabxs&at. SKA =clee«le characterise*: 
by a s-rscrurai esse fe&vir.g tse fcrr-uia: A~£ ; ;CCAArAA~V'"X 
C 7 CC « ^ TCTC ™GTTC57G CTTTrCCA CTA ; AG CX CXTXCXATG:;." " " . ; 

IS AAGXy L ; ;~rwSArrCCXAC<«AGAA«C.-.3C«AU - CA™GXCAXAA3CXCX7 ;™ r~ 

cAi;.; c :;rccA5AACA~c: vrscTATrrrcAGACAAGATTiATCTACSAcr^ 

AAXGAGA^XArXGXTSAG;,. rcXCCXGCXTAAXwr CXAXCAXCAGAXAAACCAr 

2i aa««ca:ccct^aagaa^ac?gc^^ 

AGCACrrcXGCACCTSAAA^^^ 
GAGX^SXCACXCTOCn^CeAXAC^CAGACX^ 
TTCATXAACAGACnACAGC rTACCXCCGAAAC , 

3. A re-..:sbirir.t OKA js-aiecile characterize;*; 
25 fay a strsctsxei gent having the xTsraal a. : AXCnAGCXACA>.XXXG 

cxxggaxx cctacaaag A^r- :aoc aax-xxxca exsxeASAAGCxr~r--~Gr::AA"rs 
AAr&3:;Assr:rr3AA?^ 

AXXAAOXA 3CTCCASCACT ; XCAOAASSASSAXGt "SXAXXOAtCATCTAX:^- XAXS 

cxccAG^cAxc-rxxG-XATr^ 

30 ACXAXr;rX5A0AACX5Cr 3 CCCXAv^OrxrAr; ArCA3ATAAA:XATCXGAA3A-A 
Crrcr*SSAAGAAAA.-VCTt«AM^ 

AGX?ACXS~:;x:X:£AC:-ArAGrCA^ 
AAXASACrXACASSIIACCXXCGAAAC - 
2$ 4. The xeeccfrizrast una rsolecaie- accerdits tc 

claiss 1 te 3, wherein the eslecule co-sprisss a cl«rdns 
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vehicle having a first and & second restriction eadoaucis*" 
«$e recagnitioa site, said structural gerse being inserted 
betwesr: the first and second restriction sites. 

5. A recessfcifia&t BHA aoiecule &cco«iiRf to 

5 claims 1 te <, selected frost the group comprising S-pSR322 
(£st}/BFIF3, G-pBR32J{fst)/HFtT6 or G-?8S322f?et)/^ir?, 
jsolecules whose SKA inserts hybridir* to the DMA inserts 
its any ©£ tha foregoing Esoiecules, or »e>Iec«ie«, fros 
vhstever source obtained, including natural, synthetic 
10 or *ejsi -synthetic sources, related fey nutation* including 
siisgie or multiple, base substitutions, deletions, 
insertions and inversions to t&e DHA inserts frora *ny of 
tb& foregoing molecules. 

6. A raesabinsst OKA taol souls characterised 
IS by a structural ge»f comprising s sagaence of sodor.S 

which codes for 8 polypeptide siaiisr in &axi»o acid 
segueace to those ended for by the coaens of a structural 
gene selected fraa group of gen«s of the formula: 
M^CCAAG^GTCTJrrCCTCCAA^^ 
26 CSSTCCATCACCTACAACt * ' jCtrrTSATrCCTACAAACAACCASCAATXXITCACTGT 

cc&rrGACcAxc^ASGA^? screen 

XCTAGCACTCGCrrCWAATC^ACrrArr™ 

25 CAaATA^CCATeiCAAGM;^£TCC:jG&^ 
AGSGSAA^ACTCAIGAGCACTCTG^ 

TACCTCAAGGC CAAG5AGTA " ACSTC ACTQTGCCTGCAC C A7A5TCACAGTSGAAATC 
CTAAGSMCtn!T?ACITC^;TAAeAGAC^ , ATGAGCT 

AC^C?rCCm^r~CCT/rAAJ-GA^ 
3® aXAATTCA&TCCGACGCnV^TAC^^ 

CIGASSAGA?rMGCASClCCAGCASTrcCAGAAGGAGC.AC^ 
ATC^eATGCTCCAOAACAItTTrGe^^ 

CGAATGAGA CTATXGTTG AC AA C CT- CTC^ wAATCTTCTATC^TCAG AT.'iAACCAT ^ 
TGA^C^CAGTCCTGGAAGA^AAACTCtSAGAAACAACA 
35 mACCAGTCrSCACCTCA^^ 

ACSA<7»GACCCAeTraGCCT£K;ACC^ 



i 
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which hybridize ts any of the foregoing genes or DKA 
segue»=«s, SK'A segaeaces froa whatever soures obtained, 
inclwdiu? natural, synthetic or semi-synthetic sources, 
related by mutation, including single or smltiple, isass 
substitutions, deletions,' "Insertions and inversions! to 
any of the fer«gaing genes or *eguences . 

?, A bost transformed with at least cr.e 
recombinant DMA aoiecule aeccrsiing to say of the preceding 
claixas - 

8. The transfaraeii host of claia ? character- 
ised in that the host is selected fros the group compris- 
ing strains of Z^coU, ysgudgyoaas. Bacillus sx&tilis. 
Bacillus stearpteerisoohiias, other bacilli, yeasts, 
other fungi, aniraal as<3 plant hosts or hussar tissue 
cells. 

9. The txamsfonaed host aecerdir-} to claias 7 
to 8, characterised in that it comprises E, E3101 
iO-p&R322*?St}/HFIF3), £, Co li HS101 (G-pfiSJ -.2 ( Pst}/HFIT65 , 

IS. h gene selected irots the groc> caaprising 
the DNA inserts »f C-pBK322{?st;/HFIF3. G-»pi:.322(?sti/ 
EFXFS or G-pBR322{?st)/SFir?, DSA sequences vbi.cn hybrid- 
ise to ecy of the foregoiag DNA inserts, or 5KSA sequences, 
£ro« whatever source obtained, including natural, synthe- 
tic or seid -synthetic soirees, related hy jju'-stioa, 
including single or multiple, base substitutions , dele- 
tions, insertions and inversions to any of tJ.e foregoing 
P#k sequences «r inserts. 

3.1 . A 9 ene selected from the grew of genes 
Of the forsmle: ATGACCAACAAGXCTrCTCCTCCAAATrr-CTCTCCTCTTGT 

CCCXCAAGC&CACKATGAACITrGACATCCCT 

TC CAC AAGC AGGACC CCS C AiTGiYC C^TKATS CAG AACATC^TTSCTA 

TTTTCACACAAGArrCATCTAtMACTCX!CTCGAA.TCAC^CTAr?C*I0AGM£K3CC 
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£GGCXAA*C^CTATCA2CAGAT.VACW^ 
AGAAACAACArTTCACCACGSSAAAACrC^TGA^ 

A?GGGAGGAT?CrGeATTACCTGAAGC,eCAAG^^^ 
TAGTCAGAGTGSAAATCCTAAGSAACTrrTACTT^ 
S XCCGAAAC, AXGAaCTACAA.CTTGCTTCGATTCCTACA.«GMGCAaCAArtTTCA 
GTCTCAS.VUT-CrrcetCrC^CAArTCA^^ 
GATGAACTXTGAC^TCeCTaAGGAa*^ 
CGCCwCAXTSACeAXC£A~CAGA~GC7CCAGM 
KC^TeTAGCAeTGSCTGGMXOAC&^ 
1 0 Te^TCMA£MACCAXC2SAA0ACAGTCC?^^ 
CACCAGn^GAAAACTCAJGACCAGTCTGCACCK 
OCATTAtCTGAAGGCCAACGACH'ACAGTC^ 

AATCCTMCMAACTlTrACTTCATTAACAGAC < PMA 

sequences which hybridise to any of the foregoing genes, 

.' 5 DNA sequences, fros whatever source obtained, including 
natural, synthetic or seai -synthetic sources, related by 
tstttatien, including single or Bsuitipie, hase substitutions 
deletions, insertions and inversions to any of the fore- 
going genes or BHA sequences, or genes comprising a 

•18 sequence of coslcas which codes for « polypeptide similar 
in «nino acid sequence to those coded for fay any of the 
foregoing DMA sequences or genes. 

12. A screening process for Di<A sequences char- 
acterised fcy the step of determining whether said DMA se- 

'• 5 guence hybridizes to at least one of the DNA inserts of 

«-pBB322{?st)/EFIF3, G-pBR322f ?st J/SFIF6 or G~pBSJ22 (?st)/ 
v BFIF7, SSJA sequences which hybridise to any of the fere- 
geiag SUA insert* and DKA seguerjees, from whatever source 
obtained, including natural, synthetic or seal -synthetic 

2 3 sources, related fcy ssutation, including single or multiple 
base substitutions, deletions, inversions and insertions 
to any of the foregoing DKA inserts or seijuenees, 

13. K screening process for BHA sequences char- 
acterized by the step of determining whether said SNA se~ 

IS (yuences hybridises to at least one of a ?ene selected from 
the gmsp of AJC^CCMCAACn^CTCCTCCAMTTCCTCTCCTCrnJrrGCTT 
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CMTTrJCAGSGTCAGAAGCnrCC^^ 

eMGeACAGCATGAACTTrGACATGeC^AGGAGAre 

GAAGSAGGACOttceCArrGACeftT^^ 

CAGACAACATTCATCTACC&C^twCSiXiAA^ 

XAATG?eTATCA?eAs»~AAAe^^ 

AGMGATrXCaCCAGGGGAAAACTCATSACCACTC^^ 

C^GGATTCTGCATTACCTGAAGGCCAA&SAGTACAGTCACTGT^ 

CACACTGMAAA?CCTAAGGAACrTT?A£?7CA 

AAAC , ArGAGCTACAACTTGCTTGGATXC^ACAMGMGCAGCAAlTrTCAGXGir 
CAGAAGC^CCTGaOGCA&TTGAAXGGGA^ 
AACTTTGACATCCCiGAGGAGATTAAGCA^ 
GCAOTGACCAXGTATCAGATGCTCCAGAACA^ 

CAGA7AA.%C€ATCTGMGACAG7C£TGGAA^ 

AGGGGAAAJlCTCATGAGCAtn'CTGCACrc^ 

IACCTGAAGCKCAAGGAGTACAJmCAC^ 

CSMtXAACTTi^ACTJCArrAACAGACXt ACAGGTXACCTCCC ,<MC , SKA 
sentiences which hybridise to any of the fart jams genes , 
XWA sequences, fmm whatever source ohtsinec including 
natural) synthetic or semi- synthetic sources related by 
isutation, including single or multiple, beet suhstittrti ens, 
deletions, insertions and ir.versior.fi to any cf the 
faregoixsg genes or DHA sequences. 

14. The process of any of claim* *2 to 13 
characterised in that the H*A sequence screens^ is 
selected fro» the group comprising; ENA Beg*aer.res £ro» 
natural scarce*, synthetic 'BifA sequences, DKi. sequences 
froo recombinant DNA molecules or DNA sequences, which 
are a cochiaatioa of the foregoing. 

15. A aethod for producing s Wk jeguence 
comprising the steps of preparing a receabiasitt OKA 
molecule characterized by an inserted struct. ral gene, 
said gene feeing selected fro© the gro«?> comprising the 
CJfA inserts of C-?BR322 {?3t)/BFXF3, G-pBR322{ »St)/BFJF$ 
or {Pst}/EF:F7 f DKA sequences which hybridise 
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to any of the foregoing OMA inserts, ox mk sequences, 
from whatever source ohtaiast!, including natural, synthe- 
tic or semi-synthetic saarees related toy nutation, 
including single or aultiple, base sttbstitsitiosis, dele- 
5 tiosss, insertions and inversions, to any sf the foregoing 
BHA sequences or inserts, or DKA inserts which comprise 
& sequence of colons which cod* for a polypeptide similar 
in asino acid ssguesce to those polypeptides coded for 
by any of the foregoing 08A inserts or *«guesces ; trans- 
jg iorsung an appropriate host with, said reeossbin&st D!»A 
aoleeale; ccituxring said host? and separating said CKA 
sequences . 

16. A tssthcc for producing & tMh sequence 
coatprisiag the steps of cultsring « host tra.-:sforss«sd 

15 with at least one recombinant OKA sslecsilfi i; sleeted froa 
the group comprising G~p6R322(J>st)/EFIF3, C~;BR322(Pst>/ 
BFJF6, or G~pSR322{Pst)/SFIr7, molecules whme OKA 
inserts hybridise to the OKA inserts of sxsy : f the 
foregoing stjolecules, svolecules whose OKA ixg;:rts ( from 

20 whatever source obtained including natural, synthetic or 
sesi -synthetic sctrees., are related by suta-nor., includ- 
ing single or »ult;ple, base safest! cations, deletions, 
insertions and inversions to the OSA irxscrtc of a»y of 
the foregoing ssclecuies, or molecules whose :NA inserts 

25 comprise * segus-nce of cessions which code foi 8 polypeptide 
similar in ssaino acid sequence to those polypeptides 
coded for by the DMA inserts of any of the foregoing 
molecules . 

17. A method for producing & X>HK setnienec 
30 comprising the steps of preparing * recosfeir- mt OKA 

laoleeule characterised by an inserted structural gene, 
said gens being selected frois the grasp ccffiprrsing 
AXSACCAACAAC^GXC^CTCCMATrC^ 
CTCTrTCCATCAGCTACAACTTSCTTGCATTCCTACAA^ 
3 5 S TG7CAG AAGCTC CTGTGG C AATTunAITCCS AOSCTTG AATACXSC C?C AAGCAC 
A«?AmUeTT?GAC^TeeCirSACmG 
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ACAAGATrCATCTAGCACTSGCTGGAA^ 
AATGTCTATCATC^CWTAAACCATCrG^^ 
MG^GATrXCACCACCCCBUAACTCATGAGCAOT^ 

5 SvGA GSATXCTGSA1TTACCTSAACGCC AAGCAGTA CAGTCACl'GTGCC'S'CGA CC AT 
ACTCAGAGTCJGAAATCCXA.AGCAACTXTXACTXCA^ 

Ti.-::GAAAC . ATGAGC TACAACrTCCTTGOAtrCCTACASAGAACCAOCAATXTTC 
A£^CTiCAGAAGCTeCTCXGOCAA£TS 
AGSATC^OOTaACASCCCTGAGCAG^^^ 
JO GOACGCCfieftXTGACCA?CTATSAiIATGCTC 
AAaWIUm^AGCaCTGGCT:^ 
raCTATCAXCAGASAAACCATCTGAAGACAGJCCTG 

AGATTTCACCS^GGAAAACTCATGAGCAcn'CTGC&CCTaAAAAGATATrATGGGA 
GSATTCXqCAITACCTGAAKCCAAGGACT^ 

; j AGAGra^AA?ccTAA(x;Mcrr~^ 

GAAAC, SKA seqaerices which hybridize to Msy of the 
foregoiisg gene*, CHA sequences, froa whatever source 
obtai&ed. ittcisdiog natttrsi. synthetic or se»i~*y»*he*ie 
sources, related by aiutatics, inclediner single or meltple, 

?m base substitutions, deletions, insertions *nd inversions 
to amy of the foregoing genes or DSA seq-aesces, or DNA 
sequences eosprising a sequence of coders* which cedes 
for a polypeptide similar in aaino acid sequence to 
those polypeptides coded for by the codoas of ar.y of the 
foregoing genes or a»A sequences; trans foraing an appro- 
■' ■pzi&tA host with said recombinant SKA aolecule; cul taring 
said host and separating said USA sequence. 

It. A method for producing « OWA sequence 
ecsprisinc the step of eul taring a host transferees with 

30 at least cue recomfeinar.t DSA molecule selected from the 
group comprising molecules whose SUA inserts are selected 
frees the qrotip of genes comprising ATGACCAACAA5TGTCTCCT 
CCAAATJGCTCTCC^errr^G^ 
rrCCTTtKASSCCTACAAAGAACC&Ce^ 

35 MXTGAATSGSAC3CXTGMTACTGCCTCA.AG 

TGAGCA^ATTAASCACCTCCASWGTTCCAGMCXiACCACCCCCCATTCACCATC 
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CCAXCSGAAGACAGTCCTG£AS.CAAAMCT^ 

AAACTC^TSAG^GTCTGCAtCZGAA^ 

TGAAGGCaV%GGAGTACAGTCACTG^ 

M5GAACrrTIACTrCiOTMCftSACTr ACACXOTACCTCCG&AAC , AiGAGCX 

ACAAcxiccrrcMrrccxAeAA.wAAseAGCM^ 

CTGSCAAX? GAATGGGAGG CT3SAATACXCCCTCAAGCACACSA7CAAC77TCAC 

AJCCeTCAG^GAtTAAGt^GCtG^^ 

ATAAACCATCTGAAGACAGTCCrSGAAGAA^^ 

C^~GAAAACTCft?£AGCAC™CTSCACCTC 

TXACCTCAACXJCCAAGCAGTACAGaCACTra 

ATCCTMGGAACITrTAC^ DKA 
seguesees which hybridize to jsny of the foregoing genes, 
raiA seqsences, £ro» whatever spares obtained, iiscluning 
astwral, synthetic ox seai- synthetic sources, related by 
mutation, including single or ssultiple, base substit«tio»s , 
deletioss, iusextioas aad inversion* to any cf the 
foregoing genes or SHA sequence*, or DKA sequences which 
cod* for a polypeptide similar in ajaiao acid segisenee to 
those polypeptides eroded for by arsy of the foregoing 
genes or DHA «e<joersc«s . 

IS. The asethod of any of claim* IS to 18 
Characterized in that the host is selected froa the 
grosp comprising strains of £, coli, PseudomonaE , Bacillus 
safeties, Bacillus stearotherifioohilns, other bacilli, 
yeasts, other fimgi, saisai ana plaat hosts, or huiaan 
tissue cell*. 

2S. A lecofisbinajit DHA colecule characterised 
by a structural gene coding for a polypeptide displaying 
an icasunoiogical or biological activity cf basan fibroblast 
interferon, 

21, A recosbinant DKA molecule characterised 
by a structural gene selected fro» the group comprising 
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the mh inserts of C-p?La«HFXF-6?«l2 , 
G-pFLc-HFlF-67-8 < cka sequences which hybridize to any 
of the foregoing DNA inserts or DXA sequences, from 
whatever source obtained, including natural, synthetic, 
or send -synthetic sources, related by mutation, including 
single or ssmltiple, base substitutions, deXetiess , 
insertions and inversions, to any of the foregoing DK*. 
sequences or inserts, 

22. A recombinant DNA ssolecule according to 
claims 20 to 21, characterized in that structural gene 
is operatively linked to as expression control segnenee. 

23. A recombinant VsiiK aolecule according to 
claisas 20 to 22, wherein the noiecale comprises a cloning 
vehicle having a first and a second restriction endo- 
Tmclea.se recognition site, said structural gene toeing 
inserted between the first arsd second restriction sites. 

24. A rccoBsfeinaat OKA ssoleeule according to 
ciaiffi 23, characterized ia that the expression control 
seguence is also inserted into the cloning vehicle. 

25. A recombinant JJi>*A molecule according to 
c2ai»B 22-24, characterized in that the expression 
centres! secpience is selected from the group comprising 
^* S. coli lac system, the £. cell trp system, major 
operator ar.d pro»oter regions of phage ,X , the control 
region of Fil aatcnteous single stranded SNA phages, 

the ^-lactamase system of £■ coll pl&staids or other ' 
sequences which control the expression of genes of 
protoaryotic or ewkaryotic cells and their viruses. 

26. A recombinant D!>*A nelecule selected fro» 
the growp comprising 6-pPLa-HTIF-6?-I2 t G-pFLa«HFIF»£?~ 
12^1? or G-£Xc-EFIF-67-S . 

27. A host trar.sfonr.ed with at least one 
recombinant OHA nelecule according to any of claims 20 
to 26. 

28. A transferred host of claits 21 characterized 
in that the host is selected from the group comprising 
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strains of E. coll, Fseuacnonas, Bacillus s^ti lis , 
Bac illus stetrethgrsaohilttf . other bseiili, yeasts, 
other fsngi, aniatal mti plant hosts ox huaen tissue 
cells . 

2$ . A transformed host e£ claisss 2? to 28 
characterized in that it, coaiprises a transforaed host 
selected fresa the group comprising £. coli KSI19 {G-p?t<Js- 
EFIF-67-1S). £■ ccli K12^: { G-pK.a-HFJr-67-12) .. £. coli 
SS21S {G-p?Lii-3FIF-S7-I2^i5}, or £. coli M5219 {S-pPLc~ 
BF1F~67»S J . 

30. A SSA sequence coding for s polypeptide 
displaying an XBsnamoIogical or biologic*! activity of 
ismaxt fibroblast interferon, said sequence producing in 

s jrscQissbinant SNA ssolec^ls tr&asforsiad host eaid polypep- 
tide . 

31. A £>NA sequence of claim 30 selected fro«a 
the group cosprisirsg the DUh inserts of 0-pPLa-HFI?-S7-12 , 
O-pPLA-EFI F-67-12^19 , G-pPLc-lfcTIF-67-8, DMA sequences 
which byfcridiae to any of the foregoing Di»A inserts, DHA 
ssegsences, froa whatever source obtained, including 
natural, synthetic or sejui-syntlictic sources, related by 
Rsutation, including single or multiple, base substitutions, 
deletions, insertions, and inversions to any of the 
foregoing BHA inserts, or BUS. sequences comprising 
sequences ©f codsss which on expression cede for polypep- 
tides similar in iBsausnoiegical or biological activity to 
those: coded for by any of the foregoing Wh se^ences or 
inserts . 

32. A polypeptide or fragments and derivatives 
thereof displaying an icsuunologicsl or biological activity 
of h«jsan fibroblast interferon produced by a host trans- 
forced with a recossbir.ant DSA molecule *cccrdar.? to any 
one of claims 20-2& . 

33. A polypeptide! of claim 32 characterized 
in that the structural gene which codes therefor is 
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selected fro» th« gro«p coapxrisia? the 0J» inserts of 
C-pFLa~HFIF-57-12, G~pf La-EFXF-^-iS^lS, G-p£Le-HF:r-67-S, 
UNA segvecces which hybridize to say of the foreg-Qiag 
SNA inserts, DNA sequences, froa whatever source obtained, 
5 iiscitiijing natural, synthstic or »emi~synthetic sources, 
related by Rotation, including single or nultiple, base 
substitutions, deletions, insertions end inversions to 
any of the foregoing BS?A sequences or inserts cr CH& 
sequences which on expression code for a polypeptide 
10 sisoilar in iswsuno logical or biological activity to & 

polypeptide coded for ca expression of any of the fore- 
going DNA setrueisees or inserts , 



thereof selected fros the group comprising polypeptides 

i5 of the forayla: Bet-T&r-Asn-Lys-eys-Lea-ueu-Oia-Ile-Aia- 
teu-teu-^*w-Cys-Phe-S«r-thr-Thr-Ala--£.eo-Ser-Het-Ser~Tyr- 
As5n~Lew~Le«-Cly»?fae~Le«~ClR»Arg«Ser"^ 
Glr^-Lys-^eu-A-ea-trp-Gln-Leu-Asn^ 
. Leii-Lys -Asp-Arg-Me t-Asn-?h« -Asp- 1 le-Bro-Glu-Glu- 1 le -tys - 

M cin-£*»-'CiB-sia-Phe"Ci»-Lye-Clu~Asj»-Al»-'Jlla-l.e«-thr-tie- 
Tyr-Glu-^et-Leu~GIn-Asn--ne-?her-Als-31e~Fae'-;irQ-Sifi'-Asp-» 
Ser-Ser-Ser-Xhr-Giy-Trp-Asa~Gl»-Thr~lle-vai-OlM-Asj)-X<e«- 
Lea-Ala-As{!-Val-TyT~His-CXri-Ile~Asii-His-l.eu"tys-Xhr-Val- 
iea»Gie-CX»-Lys»X,ea-Glu*Lys-Glu-Asp»Phe-Thr-Arg«Gly-Lys- 

;s teu-Jiet-Ser-Ser-l^u-His-Leu-LyB-Arg-Tyr-Tyr-CIy-Axg-Ile- 
l^tt-His-Xyr-Leu-Lys-Ala-Lys-Olu-Tyr-Ser-Eis-Cys-Ala-Trp- 
Shr-Iie-Val-Arg-Vsl-Sia-Ile-tea-Arg-Aso-Phe-Tyr-Fhe-Jie- 
Asn»Arg-Le«-7hr-Cly-T>*r-t.eu-Ar5~Asn« polypeptides of the 
forssal* : fSet-Ser-Tys-Asn-Leu-teu-Gly-f he~I,eu-GIn~Arg~ 
Ser-Ser-As»-Pb«-CIft-Cys-Glji«J,ys-Ede«"Le«-Trp-Gln»I,evi-Asn- 
Sly-Axg-uey»Glu»Xyx-Cys-tetJ-Lys-Asp»Arg-Met-Asn«Phe-Asp'- 
Ile-?ro-*Giii~Glu-lle-Lys~Glsi-Ley-a2n-Gln~?he-Giri-Lys-Glu~ 
Asp-Ala-Ala-Leu-Th.r-Ile-Tyr-Clu-Xet-tft«-Glsi-Asn-lle-Phe~ 
Ala-Ile-*?h*-Arg-'C-ln-Asp-Ser-Ser-Ser-Thr»Giy-Trp-A§ri-Gl«- 

35 Thr-lle-val-Glu-Asn-teu-teu-Ala-AsR-Val-Tyr-His-Gln-Ile- 
Ast)-Kis-Ls«-Lys-Thr*vel-i,e«-Glu-GlH-£.ys-I.e«»CI«»Lys-01«- 



34. 



A polypeptide or fragoer.ts and derivatives 
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AT g-Tyr -■Syr -Gl y~Arg-2ie— t.*u-Kis~ Tyr - Le u - 1 y &~ Al 3 -• ty 3 -Gi is- 
T^T-Ser-5i*-Cy8-Ala-Trp-Thr-tle-V4l-Arg-Val-Giu-Ile-I.*)i- 
Arg-Asn-Phe-Tj^-Phe-lie-Mn^ 
5 Asn, or polypeptides frets whatever source obtained 

related to any of the foregoing polypeptide* by »at»tioa. 
including single or multiple , base subset tut ions, deletions, 
insertions &a<3 inversions, to any of thft SHA sequences which 
code for chats. 

10 35, A composition for rendering hu&ans resistant 

to virus strains comprising st least one polypeptide pre* 
duced fey & host transformed with a seccatbin&at DWA Jtolecule 
according to claims 20 to 26. 

36. A composition for rendering hwsans resistant. 
S3 to virus strains comprising at least one polypeptide accord- 
ing to elsis&S 32 to 34. 

37. A composition for treating human cancers 
comprising st least one polypeptide produced by a host 
truss f ormed witis * recoabin&nt DKft. jsolecule according to 

:0 elaisas 20 to 26. 

3§. A composition for treating huina.» cancers 
coEprising at least one polypeptide according to cl&issss 
32 to 34, 

39. A method for producing a polypeptide cosa- 
25 prising the steps cf preparing a reecssbinant DKA aoiecule 
characterized by an inserted structure! gene, said gene 
being selected fross the group comprising the inserts 
cf G~pPLe~KriF-«7~12, C-pPLa-KriF-S?- 12 ^19 . G-pPi.e-HFXF - 
67-8, DNS Beeuenees wf-.icft hybridize to any of the fore- 
30 going N»A inserts, or D.NA sequences, fro® whatever source 
obtained, including natural, synthetic or semi —syn the tic 
. source* related by mutation, including single or multiple, 
base substitutions, deletions, insertions and inversions, 
to any of the foregoing OHh sequences or inserts and having 
3S operative ly linked thereto an expression control sequence; 
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transforming aa appropriate host with Mid recoafeiftsnt 

DKA issoleeuiie; eultari.-.g said host; s*sd collecting said 
polypeptide . 

40. & Etethcd for pro£ocing a polypeptide com- 
5 prising the steps ©£ eu it siring a host transforsei with at 
least o«« reeosafoinajst DRA snolecaie selected frss "the group 
cojuprising G-pPLa-HriF-$7-12, S-pPLa-BFXf «67»12,4lS , 
G-pPLc-HFIF-iw-S, molecules whose DSA inserts hybridize 
to the iWA inserts of any of the foregoing wolecuies, 

10 jnolaeules whose SNA inserts, frois whatever source obtained, 
including natural, synthesis or serai -synthetic sources are 
related by sutstioa, including single or jsmltiple, base 
substitutions, deletions, insertions and inversions to the 
BNA inserts of any of the foregoing ssoiecales, or molecules 

; ,j whose DKA inserts comprise a sequence of codons which en 

expression code for a polypeptide siailar in inssnroo logical 
or Biological activity to a polypeptide coded for on 
expression of the SNA. inserts of any cf the foregoing mole- 
cules and collecting said polypeptide. 

iO 41, A s»ethod of rendering Juatan resistant to 

virus strains eofoprisin? the steps of treating humans in 
a pharjiaceutic«13y acceptable r.anner with a composition 
comprising at least orse polypeptide produced by a host 
transformed with a recorebinant EVA noleeule according to 
ciaies. 20 fts 26. 

<2. A »ethod cf rendering hirsan resistant to 
virus strains comprising the stets of treating h«aans in 
% pharmeseutically acceptable r.anner with a composition 
comprising at least one polypeptide according to claims 

10 32 to 34. 

43, ft method lor treating htBtan cancers or tumors 
cMsprising the steps of treating hu&ans ia * pfearjtaceuti* 
eaiiy acceptable sr.ar.ner with a composition eoisprising at 
least one polypeptide produced by a host transformed with a 
35 recoabisane SKA molecule according to claims 20 to 26. 
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44. A jnefched zox treating huisari cancers or 
tussars comprising the steps of treating harness in & 
pharrnaceaticaily acceptable warmer with a composition 
comprising at least one polypeptide accrordisg to 
ciaiws 3S to 34 . 

45. The method c£ dai» 39 wherein the step 
of collecting the polypeptide includes a step selected 
fresa the group corsprising oncotic shocks ee, boiling is 
SDS, urea and ^~jsercaptoeeha.n©l , boiling in basic solu- 
tion or other similarly harsh treatments. 

45. The aeishod of claim 46 wherein the step 
of collecting tt& polypeptide includes & step selected 
from the group cotsprising ostaotic shock&te, boiling is 
srs, urea and ^ ~»erc*ptoethanoX . boiling in basic solu- 
tion or other similarly harsh treatments. 

47. A h>iaaii fibroblast interferon like poly- 
peptide selected froffi the group eoraprisiag litlF~SJ~12,< 
HFIF-67-12A1S, or EFIF-67-S. 
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Heeoabinant DN& molecules and hosts tr&nsforaee 
wish theft which pro&ic* polypeptides displaying a biologi* 
cai cr ijssnxn ©logical activity of human fibroblast inter- 
feron* the genes coding 'for these polypeptides and «*tfa»sjs 
of jngkittf us-.na thase fiolBcsileS , hosts, fenfss «n<« 

polype ctides. The ree»iafc-ina«t OKA «ol«c»J.»* are character- 
ised fcy strucraral genes that c&Se 5©r 8 polypeptide dis- 
playing a biological or ijsnurolcsieaX activity of fcrauut 
fibroblast interferes. In appropriate heats these role- 
csles permit the productles w&d; identification of g«n*s 
and polypeptides displaying a biological or isasvasological 
activity of hsaaan fibroblast interferon and their use in 
antiviral and ajjtitasssor or ajsaieaacer agents . 
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